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FORM AND DIMENSIONS OF THE EARTH. 



1 The Earfh a Planet.— Tlie Wise Men of old, 
dwelling in the lands where Astronomy had its birth, 
made two groups of tho starry hosts which crowded 
their midnight ski^. Five, of duller aspect, were 
observed to change their places from night to night, 
and year to year, and were called Planets — Wander- 
ers. The lesti^ far more brilliant^ "burning like 
torches with eternal flame," maintained their places 
unvarying from age to age, and were named Fixed 
Stars. Of the five, two were seen to be constantly 
in the near neighbourhood of the Sun, and always 
on the same side of the Earth with him ; the other 
three moved away to all distances, and were often 
seen on the side opposite the Sun. In process of 
time it came to be known tliat the movements of 
these five were made round the Sun as a centre; 
and still later, that the Earth, instead of being fixed 
and having tlie heavenly bodies moving round it, as 
they appeared to do, itself really moved round the 
Sun in the same manner, having two planets within 
its orbit and three on the outside, and was therefore 
to be held as one of the planets. In our own time, 
the number of the planets has been increased by the 
discovery of 2 very large, and 105 very small bodies, 
which perform similar movements ; and, so far as is 
yet known, there may be many more in a state of 
constant circulation round the central Sun. 

8. Form of the Earth. — So soon as the idea got 
into men's minds that " the Earth was hung upon 
nothing," and that ''none could tell whereon its 
sockets were fastened,'' it was an easy step to believe 
it round, and that the daily motion of the heavenly 
bodies about it was only an appearance caused by 
the revolution on its own axis. To such a motion, 
indeed, the spherical form seemed necessary. To an 
observer on its surface, it is true, the Earth does not 
at first sight appear to have this form, but to be a 
wide-spreading, irregular plain. When, however, 
intelligent ol^rvation and reflection are brought to 
bear upon the subject^ it is perceived that^ the sur- 
face does not extend away indefinitely in all direc- 
tions. From the pinnacle of a tower, from a moun- 
tain top, or mast-head of a ship, the surface of the 
Earth seems to come into contact along a circular 
line with the " heavens stretched out like a [tentj 
curtain." embracing on all sides the observer's posi- 
tion, and at no great distance from it. Beneath this 
line, on one side, the Sun is seen to disappear at 
different points from day to day and inonth to 
month, and, on the other side, at corresponding points 
to rise above it on the next day. The conclusion 
cannot be evaded that the Earth is of limited extent 
lateraDy and downwards, and of a roundish form. 



The clearest evidence to the same purpose is 
obtained when we view distant objects on the surface 
of a wide level plain, or on the sea-shore. The 
tops of trees, or of buildings far off on the plain, 
come first into sight. As we advance towards them, 
we see more and more of them, till at length, when 
we are ^tolerably near, the whole object is seen from 
top to base. When a ship is approaching the land, 
we first catch sight of the topmost spars, and as she 
nears us, more and more of the mast and rigging come 
into view — at last the hull or body of the ship. Now, 
were the Earth an extended plam, the hull, as being 
largest, should come into view first, whereas it is the 
smallest part^ which in that case should be seen last^ 
that in the actual case becomes visible first. The 
sailor, in his earnest look-out for the hoped-for land, 
mounts into the cradle or the highest shrouds. To 
his straining eyes, the tops of the distant mountains 
are dimly seen rising over the waste of waters. As he 
advances towards them, they rise up more and more, 
then trees and buildings shew their tops, and at last 
the shore-line is seen with the playful waves leaping 
up along it. These appearances are noted on every 
shore, and in all directions. For if in two directions 
only, then might the Earth have the form of a 
cylinder, along which in one direction objects would 
appear exactly as on a plane surface; but since in all 
directions alike, then must the form of the Earth be 
spherical The gradual rising higher up of the stars 
about the pole of the heavens, and the appearance of 
stars not seen before, as an observer advances north- 
ward along the Earth's surface, as from the south of 
Ethiopia to the north of Palestine, and the sinking 
down of those in the direction exactly opposite, were 
recognized in very early times as a proof of the 
Earth's sphericity. It was seen that this could not 
take place if the Earth were plane or cylindrical 
The shadow of the Earth on the Moon, recognized 
in the earliest times as the cause of an eclipse, was 
seen to be alwajrs bounded by a circular arc ; and no 
body, in any position it may have, can throw a circular 
shadow except a sphere. It was known also in very 
ancient times, that observers on different parts of tlie 
Earth did not all see the Moon in the same direction ; 
and that eclipses of the Moon, seen from different 
parts of the Earth, take place at different times, with 
respect to midday at the places — the differences being 
proportional to the distances east and west 

Another proof of a direct, and, we mav almost say, 

tangible character, has been furnished by modem 

enterprise. The great Southern Ocean, as con- 

jecturally it was wdled, having been discovered in 

1513 by Balbao, from the top of the dividing ridge 
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in the Panama Istlmius, Magellan, with his lieu- 
tenant, Sebastian Cano, started in 1519 in command 
of an expedition fitted out by Spain, crossed the 
Atlantic, worked down south along the South 
American coast, threaded his way through the tedious 
intricacies of the Strait that bears his name, and then 
steered boldly out north-west into the vast expanse 
of the great Pacific. Keeping a course west and north 
for five months, he touched first the Philippine Isles 
on the coast of China. Here he unwisely took a side 
in a native quarrel, and unfortunately lost his life. 
Many of liis companions perished with him; but his 
lieutenant, Cano, escaping in one ship, the Vittoria, 
returned home through the Indian Ocean, and round 
the Cape of Good Hope, and reached San Lucar di 
Barrameda, from whence he had set out, in September 
1522. Thus was the glolje for the first time circum- 
navigated, the direction followed being constantly 
west. The voyage was next made by Drake, more 
than sixty years after ; and now hundreds of vessels 
from Europe make it every year, going out east- 
ward round Africa to Australia and New Zealand, 
and returning home round South America. 

An argument for the Earth's form has been drawn 
from analogy with the heavenly bodies. The Sun, 
I^Ioon, and planets, and, to all appearance, also the 
brilliants of the sky, tliough without ^dsible discs, 
are globular in form ; and the natural conclusion is, 
that the Earth, which has with them so many points 
of resemblance, is a globe also, allowance being of 
course made for the slight inequalities of surface, 
which are as nothing on a body of a magnitude so 
great. 

The falling away of the surface of the globe at any 
point from the direction of a tangent at that point, 
that is, from a horizontal surface, is greater than 
would at first sight be supposed in regajrd to a body 
of so great dimensions. Let two points, A and B 
(Fig. 1), bo taken on the surface of the sea, four 
miles apart, and 

conceived to bo ^ 

joined by the 
straight lino 
AD By ihe chord 
ofthoaroACB, 
then the size of 
the sagitta^ or versed-sine C D, perpendicular from 
the highest point, is easily calculated if the radius 
be known, it is found to be 15| inches in length. 
By so much is the chord depressed, and so quickly 
does the surface fall away from the direction of a 
tangent at the point c. — ^It may here be remarked, 
that by a level surface is meant, in engineering, such 
a surface as water will remain on without current, 
as the surface A c B of the sea or a lake ; while a 
horizontal surface is one like the tangent plane at c, 
or one parallel to it. 

3. Such a figure from its simplicity, and wliat was 
called its " perfection/' recommended itself to all as 
the Earth's form. Sir Isaac Newton was the first 
to show th&t the Earth liad not this ''perfect" form 
— ^that it was not a sphere, but a spheroid, that is, 
like a sphere, but flattened all round towards the 
poles, and protuberant at the part intermediate. He 
bad recently established the theory of universal 
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gravitation ; and the laws of centrifugal force had 
been investigated, partly by Huyghens in 1CG3, and 
partly by himself. This latter force, which plays so 
important a part in celestial mechanics, is developed 
in every case of curve-lined motion about a centre, 
and of revolution on an axis. In this latter case, the 
particles remote from the axis of motion acquire a 
tendency to fly off* from it — so strong under great 
velocities, that such bodies as grind-stones ancl fly- 
wheels are torn to pieces. Combining these theories, 
Newton proved, in one of the most profound and 
wonderful investigations of the Prindim, that if a 
I>erfect sphere be constituted of materials of uniform 
density, and capable of free yielding, and be made 
to revolve on an axis, it will become flattened all 
round at the parts near the ends of the axis of revolu- 
tion, that is the poles in the case of the Earth, and 
protuberant at the parts most remote from the axis, 
or at what we call the equator on the Earth. He 
shewed that the amount of flattening and protuber- 
ance dei>ended on the velocity of rotation, and that 
the process would go on, beginning from perfect 
sphericity, until a certain amount of flattening and 
protuberance was established. M'Lamin afterwards 
proved (1743) that the Earth's actual figure, an oblate 
spheroia, was a form of permanent equilibrium. 

The theory of the Earth's figure has been completed 
by the researches of Clairault (1743), and by those 
of Ivory in our own time. Newton also shewed 
that the same spheroidal form belonged to the bodies 
of the planets, and that the polar compression was 
greatest in those wluch had the swiftest rotation on 
their axes. 

4, Newton shewed, moreover, that it was a neces- 
sary consequence of this figure, that the force of 
gravity should be least at the equator, and should 
increase regularly in intensity towards either pole, 
according to a fixed ratio which he stated, namely, 
the square of the sine of the latitude. The weight 
of a body thus undergoes a progressive increase, till 
at the pole it reaches zlv ; that is, a body which at the 
equator would weigh 590 lbs. would, from this cause 
alone, weigh at the pole 591 lbs. — such weight being 
estimated, of course, not by a pair of balances, but 
by some other contrivance, as a delicate spring. If 
it were possible to observe accuratidy the velocities 
of bodies falling from a given height, in different 
parts of the Earth, the varying force of gravity would 
be shewn in the most simple and satisfactory way ; 
but these differences escape the closest observation, 
and recourse is therefore had to the oscillations of a 
penduluuL Now these are produced by the force of 
gravity. AVhen the pendulum is drawn from the 
I>erpendicular direction, it falls towards it again, and 
the velocity so acquired carries it out to the distance 
fallen from ; ^raduidly retarded by the same force, 
it rests for an instant^ and then retunis, to rise on the 
other side; and so on continually for a long i)eriod, 
if delicately suspended in a space free from the air s 
resistance. At any given place a short pendulum os- 
cillates quicker thiw a long one, so that hot weather, 
which expandsapendulum, makes it move slower; and 
so a clock loses in such weather, while in cold it gains. 
If from any cause the force of gravity is iucrea.scd, 
the pendulum must bo lengthened so as to make it 
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perform its oscillations in the same time; while, 
if the force gets less, then must the pendulum be 
shortened. Hence the vibration of a pendulum in 
different latitudes will indicate the varying intensity 
of terrestrial gravity. Newton suggested this mode 
of testing the Earth's form. "When it was tried, his 
theory in regard to the Earth's figure was completely 
confirmed ; and the coincidence of theory and obser- 
vation is one of the strongest arguments, both for tlic 
form and axial motion of the Earth. 

The pendulum is, however, subject to another 
influence. The centrifugal force developed by the 
Earth's rotation, which amounts to more than 1000 
miles per hour at the equator, and to half as much in 
lat. 60"^, acts in opposition to gravity, giving bodies 
a tendency to fly off from the Earth. "NVeight is 
thus taken off a body, that is, it is rendered lighter 
by a certain part of its whole weight. The fraction 
expressing this amount of lightening of a body, was 
found by Newton to be ^Wh of its whole weight, 
that 18, the centrifugal force is Tbth jiart of the 
force of gravity. Now it lias been above stated, 
that owing to the spheroidal form of the Earth, the 
weight of a body is increased by Tiirth part at the 
pole ; the two causes together make an increase of 
Tixth of the whole, this fraction being the sum of the 
other two. So that a body which weighs 194 lbs. 
at the equator, will weigh 195 lbs. at the pole. 

5. Dimensions of the Earth— Early Measures.— 
The method of determining the dimensions of the 
Earth by the measurement of an arc of the meridian 
is that which has been employed, without any altera- 
tion in the principle, from a very early time up till 
the present day. It was perceived that if the num- 
ber of degrees between two points on a great circle 
of the sphere could be found, and the distance of the 
points determined in straight-lined measure, a simple 
multiplication would give the distance round the 
Earthy and thence the diameter easily. It is impos- 
sible to measure such an arc of the meridian on the 
Earth itself directly; but the rapid changes in a 
star's elevation above the horizon, and in its distance 
from the zenith, as an observer passed either north 
or south of any place, suggested a method of doing 
it All circumfer- 
ences being divided 
into SGO"*, if lines be 
drawn from the centre 
cutting off arcs of con- 
centric circles, the 
arcs between the lines ^ 
will be the like ali- 
quot parts of the two 
eircomferences ; so 
that if A B (Fig. 2) be an arc of the Earth's surface, 
and z D an arc of the heavens, — or the amount by 
which a star is displaced from the zenith z, when 
an observer moves from A to b, — and if the number 
of degrees in z d is measured, the same number of 
degrees will be in the arc A B of the Earth's surface, 
oonsideired as an unbroken curve, like the surface of 
the sea. In the same way, if an observer change his 
place on the Earth from a to 2», and the difference s s' 
of the meridian altitudes of a star be measured, the 
arc a i becomes known. The most perfect instru- 
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mental means are now employed to do this. A 
Hadley s quadrant or sextant is employed to measure 
altitudes. An image of the celestial object / is seen 
at t\ either below a smooth water-horizon, N R, or in 
a false horizon placed there, as a levelled mirror or 
vessel of quicksilver, and the arc < /' is then mea- 
sured ; the half of this is the altitude t n. Zenith 
distances are measured by an instrument called the 
zenith-sector. A telesco2>e, A B 
(I^ig. 3), swings upon pivots C, D, 
with a graduated arc attached 
below, across which a plummet 
D P, connected with one of the 
pivots, s>vings freely, marking off 
degrees, minutes, and seconds on 
the arc E F. In this way the 
star's angular distance from the 
vertical, that is, the star's zenith 
distance, is ascertained. 

From the foregoing considera- 
tions, it is manifest that if the curvature of the sur- 
face along a meridian be not uniform, but less or 
greater in one part than in another, equal distances 
passed over will not equally dispkce a star. If the 
surface is flatter, approaching more to a plane, a 
greater space must be passed over to displace a star 
by a certain amount, than if the surface had preserved 
its usual curvature. If the surface become more 
curved, the distance to be passed over will be less. 
Conversely, when an observer finds that he has to 
traverse a longer distance on a meridian in one part 
than in another to produce the same displacement, 
he will know that the meridian is there flatter. It 
was in this way that the flattening of the meridians 
in Lapland and their protuberance in Guiana were 
actually measured. 

The first attempt to find the size of the Earth 
was made about B.o. 230, by Eratosthenes, a philo- 
sopher of the Alexandrian school. He employed 
the zenith distance z D of the Sun to determine the 
number of degrees in the arc A B of the meridian 
(Fig. 2). He observed that at Syen6, on the con- 
fines of Nubia, the Sun was vertical at noon on the 
day of the summer solstice, inasmuch as the edge of 
a deep well did not throw a shadow on the bottom. 
At Alexandi-ia, taken as due north of Syen6, he 
ascertained by means of a style casting a shxidow on 
a graduated surface, that the Sun at the same hour of 
the longest day was 7*^ 12' distant from the zenith 
towards the south. The distance between the two 
places he made 5000 stadia. Now, the arc of 7° 1 2' is 
one-fiftieth of the circumference ; hence, the Earth's 
circumference was made 250,000 stadia ; whence ho 
readily found the diameter by the proportion of 7 to 
22, and hence the bulk of the sphere. We cannot, 
tell how near this estimate was to the truth, as we 
do not know the length of the stadium which was 
employed, there having been several measures of this 
name in use. Besides, the measure of the zenith 
distance was rude, in fact 11' in error, and the two 
places are not on the same meridian, Alexandria 
being 3° farther west. Ptolemy, 367 years later, 
speaks of I*' as 500 stadia in length ; of which again 
we can make notliing, since the length of this stadium 
is unknown also. 



PHYSICAL GEOGRAPHY. 






6. Other Measures. — In 1528, Femel determined 
a point V north of Paris, and measured the distance 
by the revolutions of a wlieel — the error in his esti- 
mate being no more than 2000 feet. Snell was the 
first in 1617, to discard such itinerary measures, and 
to use trigonometrical calculation. His estimate was 
a very good approximation; but it recjuired all the 
instrumental improvements of modem times, a know- 
ledge of various astronomical corrections, as well as 
the improved methods of calculating, introduced with 
the invention of logarithms (1614), to enable mathe- 
maticians to grapple with the difficulties of the pro- 
blem. Fortunately Columbus, in entering on his great 
enterprise, underestimated the size of the Earth and 
the breadth of the Atlantic. He seems to have taken 
the estimate of a degree made in A.D. 814, under 
authority of the Caliph Almamoun, which was 66 § 
miles. Unfortunately Newton made a like mistake. 
Ignorant, apparently, of the determination of Snell, 
he took a degree at 60 miles, and his investigation for 
identifying terrestrial gravity with the force urging 
the Moon every instant in a curve-lined path came 
out erroneous. It was not till several years after, 
that, being made aware of the measure of Picard in 
France (1670), which gave T equal to 69iV miles, he 
resumed his calculations, and identified the forces 
(Brewster, Life, I., xii., 290). 

7. Arcs of Meridian— Triangnlation.— All the re- 
fined methods of modem science have been recently 
applied to the solution of this problem, and arcs of 
meridian have been most accurately measured in 
various countries. — From a given station an arc is 
laid down approximately north and south. An ob- 
server having an astronomical clock beside him, 
1>eating loudly and clearly, observes with a transit 
telescoi)e i)laced nearly in the plane of the meridian, 
the instant of the greatest elevation of Polaris above 
the pole; and again, the instant of the star's greatest 
depression below the pole; if the inter\ml is exactly 
twelve hours, the axis of the instrument bisects the 
diurnal circle in which the pole-star moves around 
the pole, and is therefore precisely in the plane of 
the meridian ; if not^ a few observations and ad- 
justments will suffice to place it so. The axis of 
the instrument is then in the plane of the meridian, 
and thus an arc of this circle can be accurately laid 
down upon the surface. Two points on the meri- 
dian are thus determined; and now their distance 
apart in degrees, minutes, and seconds is found, by 
measuring the corresponding celestial arc with the 
jEenith-sector by means of the displacement of a star. 
It may also Ix) determined by taking the difference 
of latitude of the two places. Tlius is found the 
required arc, whose length in yards must now be 
mer^pured. 

The accompanying figure and brief explanation 
will help to convey some idea of how this is 
done. 

At or near one end of the arc, a base, A b (Fig. 4), 
of four to seven miles, is measured on a hard level 
surface, with the utmost exactness, by help of all 
the refinements of modem invention. A number 
of stations or signals which may be objects in the 
landscape or set up on purpose, are taken alons the 
arc and on opposite sides of it^ each being visible 
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from two others. The whole district is then covered 
with a network of triangles. 
The angles B A c, B A a, A B c, 
are measured with a the- 
odolite. A B being known, 
A 0, B c, and A a, b a, are 
calculated by trigonometry ; 
now A a is the first portion of 
the arc of the meridian. 
Taking again the signal D, 
the angles BCD, c B i) are 
measured; and B c being 
now known, B D and D o 
are computed; also the angle 
B a b is measured, and a b ^ 
computed, which is another 
portion of the arc; and so 
the work proceeds till the 
arc is found piecemeal. It 
is often more convenient 
to determine parts of the 
meridian by means of paral- 
lels, such as F D. If this line is calculated, the por- 
tion, X y, of the arc cut off by perpendiculars 
from F and D is known, and so of others. In 
order to check the accuracy of the work, two or 
more bases, as F i, r e, are carefully measured in the 
same manner as the first base, and brought into the 
triangulation, and when the work reaches them 
they are calculated. If the length thus found agree 
^-ith the measured length, the accuracy of the work 
is proved; if not, the angles measured and the 
calculations are overhauled till the error is found and 
agreement effected. These lines are called bases of 
verification. In the great triangulation in France 
in 1740, as many as seventeen such bases were 
measured. A general triangulation of a country for 
the purposes of mapping is conducted in exactly 
the same way ; the areas of the triangles being then 
found. Now, in consequence of the irregularity of 
surface, and the positions of the stations at various 
heights, the triangles are not all in one plane, and 
the angles are not therefore horizontal angles, which 
they are required to be, since the lines and triangles 
are supposed to be on the surface of the sphere. 
They are reduced to horizontal angles bv applying 
a simple mathema(tbil>^Xwmila, from which tables 
of easy use have been constructed. But these 
horizontal angles are the angles of spherical triangles, 
and so spherical, not plane rectilineal angles. Hence 
a correction must be applied to reduce them to the 
angles of a plane triangle of the same sides, and 
equal in area. The sides may therefore be taken as 
if the triandes were plane, and the area calculated on 
this supposition. The area will then differ from that 
of a plane triangle, by a (quantity scarcely appreciable, 
even in triangles whose sides are more than 100 miles. 
For the sake of accuracy, however, the correction 
given by a simple formula is applied. The trianglt^ 
fonning such a connected system in the same country 
are at different levels, and the surveys have been 
made in differtmt regions at various levels ; but to 
give us a just notion of the form of the Earth, and to 
have the areas accurate, then) must be one surface 
of general reference. "^ This is, of course, the surface 
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of the sea, or nther the siirt'acL- vliicli ivtniltl be 
foond byproducing the plane of the sea under tho 
lands. With this constant level n sphere is conceived 
to be described, on tho surface of which all the 
distances and triangles are supposed to be projected. 
All distances measured on the Earth's surface are 
reduced by computation to this standard level. 

8. Arcs of FarallelB. — Since the Earth revolves 
on its axis in 24'', 15° will pasa under any celestial 
meridian in 1", and 1° in 4™, ao that places differ- 
ing 15° in longitude differ 1" in time, the time 
being earlier or Uss advanced the further west the 
place is. The extent of an arc of a parallel is 
determined on this principle, 'llie time of a star's 
transit {Art, 6} is observed at two places on different 
meridians ; tlie difference of time turned into degrees, 
minutes, and seconds, is the arc of the parallel, 
or difference of longitude. Tlie arc is then calcu- 
lated by a triangulation, as in the case of a 
meridian. The Earth baa thus been found to have 
the same form under all the meridians where arcs 
have been measured ; and the degrees are found to 
decrease towards the poles according to a definite 
ratio. The length in any latitude may be calculited 
by this proportion — 

As rad, ; cos. lat : : G9'04 miles ; length of 1" 
long, in that lat. 

To determine the difference of the times of 
transit at the two places is the only difficulty — 
clocks must be compared to the utmost degree of 
acouiacy. There are various ways of domg this : 
gunpowder is exploded alon" a line of stations on 
the arc, so that each explosion is visible from two 
stations on opposite sides, the light being seen at tlie 
eame instant at both; the difference of the clocks is 
thft difference of longitude, if both are correct in 
shewing their own local time. The instant of the 
transit of a certain star at Paris is telegraphed to 
<^ireenwich. When tho star arrives at the celestial 
meridian of Greenwich, the instant of time is tele- 
graphed to Paris; the difference of the times of 
transit is the difference of longitude, supposing the 
transmission instantaneous, that is, that the electric 
fhiid travels in no limr. In measuring the arc 
between Greenwich and Valentia in Ireland the 
Astronomer-Royal had thirty chronometers carried 
backwards and forwards twenty-two times. The 
interval of transits, gr difference of longitude, was 
thus found to be 41°' 23' ; the arc was then calculated 
by trigonometry. Tlie circumference of the Earth 
at Greenwich is then found by the proportion — 

As 41" 23' : 24" : : length of this arc: Earth's 
circumference at Greenwich. 

9. Statistica of Form. — The following are the 
dimensions of the Earth deduced from all the 



Difference or ikiut) m.. 

Ratio of diumetera, - 299 to 206 or -^J, of tbe greater. 

Cirouitilereiice on t, great cirolo, 24,809 miles. 

The lat« Easliah mrrey made the Earth's diameter st TfiOO. 



The following 
ferent latitudes :- 

Length 

Lstllads. ULlnF 

Peru, 1° 31'k. 302,808 

India, 12 32n. 363,013 

„ IG 8N. 363,044 

Africa, 33 18s. 3G4,713 



the lengths of a degree in dif- 



/\merica,30° 12'n. 363,7?G 
France, 44 5lN. 304,535 
England,52 35n. 304,971 
Lapland,fi6 20n. 365,783 



The extreme difference is 2974 feet, or 334 feet 
less than half a mile. The mean length, that at 
lat. 45° in France, is 09-04 English miles; tho 
length in Lapland is 1247 feet more than the mean ; 
and in Peru, 1727 feet leas than the mean. It is 
easy to remember that in England a degree ia 29 
feet less than 365,000 feet; and that 1' of the 
curved surface is 101"38 feet. Tlio metre, tho 
French standard oflinealmeasnre,is the ten-millionth 
part of the terrestrial quadrantal arc (90°), that is, 
3-281 English feet. 

The following table gives the lengths of 1° of 
longitude in different latitudes in statute miles, 
calculated by the proportion given above : — 
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10. Approximate Uethodg. — There are several 
methods by which single obser- 
vations afford the means of 
finding an approximate value 
for the Earth's diameter. Snp- 
poHo B c {Fig 5) to be the height , 
of a mountain 2 J miles high, and 
that the top b is jtist visible 
from the point T), 130 miles off. 
Tlien if we produce B c through 
the centre to A, draw the 
tangent B D,and join c D, A u, 
we have two similar triangles, ng. s. 

since B is common, and (Euc. III., 32) A=bdc; 
hence AB:BD::BD:BC; orAB;136::136:2J; 
therefore 2^ AB=1849G, or 7 A n = 55488, and A B 
-7927 nearly; subtracting 2 J from this we have 
tho diameter C A = 7924 J miles. 

Again, it is found that two points, A and B (Fig. 0), 
raised 10 feet above the water at . 
(I and 6, cease to be visible each 
from the other at about : 
Thus A D and d b being each 4 
miles, we should have as in the 
last case— J** '>■ 

Diam. + a. a : i miles : : 4 miles : 10 feet. 
Hence, neglecting A a, diam. x 10 = 21120 x 2U20, 
and dividing by 5280, diam. = 8448 miles, an excess 
of 548 miles ; but the metliod is not capable of 
any certainty, owing to the irregularity of tho 
horizontal refractions. 

IL Sensit; of the Earth. — Tlie terms Density 
and Rarity are usfd to denote the degree of 
closeness of the particles of bodies. They are 
estimated by comparing tbe weights of equal bulks 
of the bodies— tho body which weighs most has the 
greater density. Thus ebony and maliogany are 
dense woods, corkwood very rare. If equal volumee 
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be taken of platinum and hydrogen, both metallic — 
the one the heaviest, the other the lightest known 
body — the one weighs 240,000 times more than the 
other, or contains so many times more matter, or 
greater mass. Distilled water is the standard of 
reference for all bodies ; and the weight of a body 
in reference to that of an equal bulk of this standard 
is called its specific gravity. Specific gravity is 
then the weight of a unit of volume, density the 
quantity of matter or mass in a unit of volume. A 
solid is first weighed in air, then in distilled water, 
from which it displaces its own bulk, and the loss 
of weight is the weight of the displaced water. The 
number of times that this is contained in the weight 
of the body is its specific gra^dty ; or use this pro- 
portion : — As the loss : 1 : : weight in air : specific 
gravity. 

The stony layers forming the Earth's crust are 
found to have rather more than 2 J times the density 
of water; but the density must increase towards the 
centre, where the condensation will be greatest. 
TTie law of variation is not known; but assuming a 
law of increase for the successive elliptic^ layers, 
which should be consistent with pendulum experi- 
ments and astronomical influences, Clairault de- 
duced a mean density for the Earth 5 times greater 
than that of water. This estimate was made before 
the problem was attacked by direct observation or 
experiment 

Schiehallion Estimate. — ^Tho first attempt of this 
kind was made in 1774 on Schiehallion Mountain 
in Perthshire, whoso isolated position and abrupt 
form presented facilities for the exercise of an in- 
dependent attractive eflect upon a plummet, and 
determination of a cubic mass for comparison with 
that of the Earth. 

Two stations were taken on opposite sides of the 
mountain, nearly on the same meridian, and their 
distance apart found by triangulation, two bases 
having been measured in the valleys below. Now 
the inclination which two plumb-lines ought to have 
to one another at this distance, owing to the curva- 
ture of the Earth, if no mountain intervene<l, is 
1* for 101-38 feet (Art. 9). The distance in this case 
was sucli that the inclination due to it was 41^*4. 
Observations on the same stars at both stations, 
made with the zenith-sector as before explained, 
gave a difference 
of53''fortheac/tw/ 
inclination of the 
plumb-lines, that 
IS, the actual dif- 
ference in the di- 
rection of gravity 
at the two stations ; 
the difference ll'^'C 
is due to the at- 
traction of the 
mountain inter- 
vening. 

In ,the annexed 
figure (Fig. 7), P B, 
l** B are the direc- 
tions of gravity 
l)erpendicular to 
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the arc, N s, of the Earth s surface, if no mountain 
intervene ; P S A, p' N A the actual directions, tlie 
mountain intervening. "With the zenith-sector, to 
which the plummets are attached, the degrees in the 
arc z z', or in the angle A, which that arc measures, 
are found. These express the change in the stars* 
zenith distance between the stations, or the diflerenco 
in the actual direction of gravity. Thus tlio arc 
z z' or angle A is 53^, the arc x y, between the dotted 
lines, 41 '4 ; so that the difference of the arcs, or of 
the angles A and B, is 11^*6, due to the attraction of 
the mountain. 

By a careful survey the mass of the mountain was 
found in cubic miles ; to determine its attraction, it 
was conceived to be divided into a great many 
vertical columns, the attraction of each of whicli 
was carefully estimated by a peculiar mathematical 
process, and from this it came out that the sum of 
the attractions of the mountain, from opposite sides, 
was represented by the number 881 1§. Now the 
attraction of a sphere (and that of a spheroid will 
not differ) on a body at its surface is known to be 
^ dxir, where d is the diameter of the sphere, and 
T is the number 31 416. But ir rf is the circumfer- 
ence to the diameter (/, and taking the Earth's 
circumference at 24,8G4i miles (69^^=1°), ir rf is 
131,284,080 ft.; hence the attraction of the Earth 
comes to be represented by the number 87,522,720. 
Now its density and that of the rocks of the 
mountain being supposed the same, their attractions 
are as 87,522,720 is to 881 If, or as 9933 to 1 nearly. 
But by the mathematical method, whereby the at- 
tractions of the prisms were estimated, we have the 
following analogy : — 

As attrac of earth : sum of aits, of hill : : rad. : tan. l\'(i>\ 
or attrac. of earth : tmm of atts. of hill : : 1 : *(MX),056,239. 

Tliis last ratio is, in integers, very nearly 17781 : 1. 
Allowing for the centrifugal force of the Earth on^ts 
axis, this ratio becomes 17,804 : 1. Tliis ratio results 
from actual observation, the other from the sup- 
position of equal densities ; the ratio of the«e two 
results will be the true ratio of the densities ; this 
is, therefore, 17,804 : 9933, or 1434 : 800, or 9 : 5 
very nearly. Now if the average density of stone 
be to that of water as 2J to 1, we have, by com- 

S funding the ratios 9 : 5 and 2^ -A, 22^ : 5, or 4i : 1. 
ut the sur>''ey gave 2 J for the average density of 
the Schiehallion rocks ; hence, by comjwunding the 
ratios 9 : 5 and 2| : 1, we have for the final result of 
this celebrated enquiry, the ratio 99 : 20, or 5 : 1 
very nearly, for the relative density of the Earth and 
water. 

Cavendish Experiment — ^Mr. Cavendish, the dis- 
coverer of the composition of water, made tlio 
Earth's density the subject of experimental enquiry 
in 1798, by a method of great elegance. Dr. lieich 
and Dr. Francis Bailey repeated the experiments 
with considerable improvements, and increased j)re- 
cautions. — Two large leaden balls were brought mU> 
the near neighbourhood of two delicately suspended 
small ones, first on one side and then on the other, 
in such a way that nothing could disturb the small 
balls but the attraction of the large oni's. A de- 
flection in both cases was obser>'ed. This gave the 
intensity of the deflecting force and its ratio to tlio 
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3^t of the balls. The attraction caused the 
balls to vibrate through a minute arc. The 
ratio of this was observed and compared with that 
of a pendulum, whose movement is due to the same 
cause ; and thus the relative intensities of the two 
attractions were estimated. Lastly, knowing the 
distance of the small balls from the large ones and 
from the Earth's centre, the size of the large balls 
and of the Earth, we can calculat^e what ratio the 
attraction of the large balls on the small would 
have to the attraction of the Earth on the small 
balls, on the supposition that the balls had the 
mean density of the Earth. This was found less tluin 
the attraction computed from the observations, 
and hence the density of the Earth was less thun 
that of lead, in the same ratio. The mean density 
of the Earth was thus found to be 5'G7, a little 
greater than that given by the Schiehallion 
observations. 

Harton Colliery Experiments. — In 1854 experi- 
ments were made at Harton coal-pit, near South 
Shields, by the present Astronomer-Royal, to deter- 
mine the Earth's density. Two detached pendulums, 
by whose mode of suspension friction was almost 
entirely done away with, were set up, one at the top 
and the other at the bottom of a vertical shaft 1260 ft. 
deep, and the times of vibration carefully observed by 
means of an astronomical clock placed beside each. 
The exact times of the successive coincidences of 
the vibrations of the detached and clock pendulums 
were carefully noted, by help of several nice con- 
trivances to aid observation; this was done simul- 
taneously at both stations, and the rate of each 
pendulum compared to its own clock determined. 
To ensure accuracy, the detached pendulums were 
interchanged at the two stations. Tlie comparative 
rates of the two clocks were also found by means 
of telegraphic signals up and down the shaft. The 
exact times of vibration of the detached 'pendulums, 
at top and bottom, were thus accurately found, and 
this gave the ratio of the force of gravity at the two 
stations. The lower pendulum made 2| oscillations 
more in twenty-four hours than the upper one, and 
the force of gravity at the bottom exceeded that 
at the top by Trrrvth part. The rocks of the 
surrounding country, and the strata of the elliptic 
shell between the two stations, were carefully 
examined in respect to their specific gravity; and as 
the result of the whole enquiry, the ratio of the mean 
density of the Earth to that at the surface was found. 
The mean density deduced was 6*565, which Mr. 
Airy maintains to be as worthy of credit as any of 
the others. 

Experiments at Arthur's Seat — During the early 
part of the trigonometrical survey of Scotland, 
Colonel Sir Henry James found a deviation of the 
plummet in the low ground at the base of Arthur's 
Seat, near Edinburgh, amounting to two seconds 
of arc ; and hence deduced the Earth's mean density 
to be 5-316 — a result more in agreement with the 
Schiehallion observations and the experiments of 
Cavendish, than with those at Harton Colliery. 

12. Weight of the Earth.— Taking the dimensions 
of the Earth as already given, the mass will be 
259,800,000,000 cubic miles, and as each cubic mile 



contains 147,200,000,000 cubic feet, there will 
be in all 38,242,560,000,000,000,000,000 cubic 
feet ; and adopting Bailey's estimate of the mean 
density from the Cavendish experiments, each 
cubic foot, on an average, will weigh 5*67 times 
as much as a cubic foot of water, that is, 62)^ 
lbs. X 5*67, or 354 lbs. 6 oz. avoirdupois. Multi- 
plying the number of cubic feet above by 354*375, 
we find the entire weight of the earth in lbs. to 
be 13,552,207,200,000,000,000,000,000, which is 
equal to 5,425,092,500,000,000,000,000 tons. 

Very little is known regarding the effect of pressure 
in condensing stony substances. From the known 
effects of artificial pressure on liquids and gases, it 
has been conjectured that at the depth of 4 miles, 
air, by its own incumbent weight, would be as dense 
as water; that water at 93 miles would have its 
density doubled, and at 362 miles would be as dense 
as quicksilver; that at the Earth's centre, steel 
would be compressed into Jth of its bulk, and stone 
into |th. The lunar inequalities forbid us, however, 
to suppose that the central condensation can be as 
great as this ; precession and nutation, that the deep 
interior can be in a state of liquid fusion. None of 
the phenomena are opposed to the hypothesis that 
great reservoirs of melted matter may exist at a 
moderate depth below the surface. 

Latitude and LoNorruDE. 

13. Latitude. — In traversing the ocean the navi- 
gator has to determine his precise position every 
day if possible, sometimes oftencr, by observation 
of the heavenly bodies. The explorer of new lands 
finds a like but less pressing necessity. From these 
observations corrected for parallax, semi-diameter, 
refraction, and dip, the latitude and longitude are 
deduced bv easy calculations. 

a. Parallax. — A few of the heavenly bodies 
which are nearest to us, appear in different positions 
when viewed from different parts of the Earth 
(Art. 2), and it has been agreed to refer their 
positions to a common station or point similarly 
situated for all observers. This point is the Earth's 
centre. The position of a body as it would be 
seen from the centre, is its true place ; its position 
as seen from the surface, its apparent place. All 
calculations refer to the true places. ^ 

A body M (Fig. 8), seen from the 
surface of the earth at o, will appear 
among the fixed stars at E; if seen 
from the centre, it would appear upon 
the same sphere at F, so that it appears 
to traverse, or be displaced through, 
the arc E F. Now this arc, described 
from the centre M, is the measure of / 
the angle E M F, or of its equal CMC; • 
and o M c is the angle subtended at 
the body by the Earth's radius o c. 
This ^angular displacement of the 
body is its parallax. Parallax is thus the an^le 
subtended at a body by the Earth's radius; its 
effect is to depress a body, to make the apparent 
place lower than the true; it is therefore an 
additive correction for all observed altitudes, and 
of course subtractive for all zenith '.distances. 
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Parallax increases towards the horizon, where it 
is greatest, and diminishes towards the zenith, where 
it is nothing. 

b, Eefraotion. — A ray of light in passing from 
a rarer to a denser medium is bent at the point of 
entrance towards a perpendicular to the surface at 
that point ; but if the medium entered be less dense, 
then the bending is away from the perpendicular. 
The bending of the ray is called Befraction. It 
increases with the obliquity of the ray; but if the 
ray enter perpendicularly, there is no refraction. 
IMs law of Ugnt is well illustrated by letting a ray, 
admitted through a hole in a window shutter into a 
dark room, fall upon a bason of water; a spot of 
light is seen on the bottom, and the bending of the 
ray at the surface. If a sixpence is placed on the 
bottom of an empty bason, and the eye withdrawn 
tiU the edge just hides it, then when the bason is 
filled the bottom will be seen to be very much 
raised. Hence water viewed obliquely appears 
much shallower than it is. A ray passing from free 
space into the Earth's atmosphere, traverses a 
medium whose density changes continually ; the 
direction of the ray will also 
change continually, and so it will 
be bent into a curve line. A ray 
from a star s, in the annexed 
figure (Fig. 9), has a rectilineal 
path, till it enters the atmosphere 
at <; its course is then ^adually 
bent into the curve line i A. 
Now we see objects in the di- 
rection the ray has when it enters 
the eye; but the direction of a 
curve at any point is that of a 
tangent at tnat point; hence 
the star is seen in the direction of a tangent A H, and 
so is elevated by the refraction of the atmosphere. 
Refraction is therefore to be subtracted from all 
observed altitudes, and added for zenith distances. 
Refraction takes place only in a vertical circle, 
since the density varies in that direction only. Like 
parallax, it is zero at the zenith, and increases towards 
the horizon, where it is greatest. So uncertain is it 
at aU altitudes, that it has been called "the plague 
of astronomers.*' The mean refraction at 45° altitude 
is about 57 J"'; the horizontal refraction is about 
33', and thus we actually see the Sun and Moon 
while yet fully half a degree below the horizon. So 
great is it in certain states of the atmosphere, 
that the lower limb of the Sun near the horizon 
is refracted 5' more than the upner limb ; hence the 
vertical diameter is shortened, tne other remaining, 
of course, unaltered, since the refraction is only 
in a vertical direction. The Sun thus appears of 
an oval form, or lengthened out horizontally; and 
the same takes place with the Moon. Since the 
air^s density varies with temperature and pressure, 
the state of the thermometer and barometer must 
be taken into account in estimating refraction. 

So long as the Sun is not more than 18^ below 
the horizon his rays still strike the atmosphere, and 
are refracted by it, and diffused by reflexion fit>m 
its particlM and those of floating bodies, and so cause 
twilight. In our li^tudes the Sun's path near the 
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horizon is oblique to it ; in tropical regions, nearlv 
perpendicular to it. Hence twilight is long with 
us and short in those regions. In latitude 56* there 
is no night from May 5th till August 8th ; within 
the polar circles, no sunset for nearly 3 months; 
total darkness for 77 days. 

It is usual to explain the blue colour of the sky 
by the retention and diffusion of the weak violet 
rays, by the thin air aloft ; the red colour of the 
Sun and Moon near the horizon, by the absoFption 
of all the rays except the red, whose momentum 
enables them to pass through, and reach the eye. 
It is more probable, however, that the blue colour 
is due to reflection from excessively minute particles 
held in suspension. In a vista formed by trees, or 
by a row of houses and trees, the blue colour plainly 
comes out ; and from the tops of very high moun- 
tains, the sky overhead is intensely blue. 

c. Semi-diiMneter. — In observing altitudes of the 
Sun and Moon, the lower limb is used ; hence the 
semi-diameter (15' to IG') must be added to find the 
altitude of the centre. 

d. Dip of the Horizon. — From the shore of the 
west bay of Dunoon, the top of Ailsa Craig, 47 miles 
distant, and 1114 ft. high, just appears above the 
surface of the sea; from the Castle rock, GO ft 



Ji. 




Fig. la 
high, a considerable portion is seen ; from Dunan 
hill, 575 ft. high, much more appears ; on ascending 
to Bishop's Seat, 1651 ft. in height, and using a 
telescope, one can see the waves leaping up against 
the base of the rock.— To find the limit of the 
visible horizon in miles nearly, to the height of the 
eye in feet add half of that height, and take the 
square root of the sum. If the eye be 6 inches above 
the surface of water, this limit is -866 of a mile ; 
if 6 ft., 3 miles nearly, that is, a floating object 
at that distance is just visible. If the eye is 100 
ft. above the surface, the limit is 12 J miles; if 2400 
ft., 60 miles; from Mont Blanc, 15,810 ft. high, 154 
miles ; from Chimborazo, 22,700 ft., 184 mfles. If 
a point B (Fig. 11), be elevated above the general 
surface at 0, tlie hori- 
zon of an observer at 
this height is depress- 
ed, his view is more 
extended; his appa- 
rent or visible horizon ^ 
will be now Q s,parallel 
to the sensible horizon 
but lower, being the 
base of a cone whose 
surface touches the 
earth* all round, has 
its vertex at liis eye, 
and passes through E, the utmost visible point Any 
of the angles kba,be8, bao, measures the dip 
due to the height R The altitude of a body is thus 
increased, and tibe dip is subtractive. Hence, if A 
be any observed altitude, we shall have, by denoting 
the corrections by the first letters of the words, 
j^ 4. jp — r + s — d^true altitude. 
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The latitude of a place is most readily found by 
an altitude of the Pole Star. In the annexed figure 
(Fig. 12), let N be the north pole of the heavens, 
n Uiat of the Earth, z the zenith of an observer 
on the Earth at jp, EQ,eq the equinoctial and equa- 
tor, H R the rational horizon ; then, since £ N, z R, 
are each 90^, if z N be taken from both, we shall 
have the remainder N n equal to z £, or to its equal 
p e (Art 5), the latitude of p ; that is, the altitude 
of the pole equals the latitude of the place. In using 
the star Polaris, the altitude is taken first when 
above the pole, and again when below it, and the 
mean used ; or a correction is 
applied to either altitude^ to 
get the true place of the pole. 
Again, let s be any celestial 
object, whose declination, E s, 
is known from tables or the 
NauUcal Almanac; then, if H 5, 
the meridian altitude of s, be 
measured by a quadrant, s z, 
the complement of this, or difference from 90^, 
becomes known; now s z and E s, make ZY, or p e 
the latitude of p; that is, to find the latitude of 
a place, add the zenith distance of a star at that 
place to the declination of the star. If instead of 
being south of the zenith and north of the equinoctial, 
the body be between z and N, or between E and H, 
the latitude will be the difference between the zenith 
distance and declination. 

It is manifest from this figure, that the difference 
of the altitudes of the same star at two places on 
the same meridian, is equal to the difference of the 
latitudes of the places ; for since H R changes its 
position with the observer, being always 90^ from his 
zenith, z, and since £ $, the declination of the star, is 
invariable, the latitude will depend on the altitude. 

If the Sun's altitude is used, and he is not visible 
when on the meridian, two observations divided by 
an interval of an hour or two will answer the pur- 
pose; but calculation is required. On land, or if 
the sea horizon is obscured, or the surface disturbed, 
an image of the celestial object is received on a 
vessel of quicksilver, on a mirror properly levelled, 
or other artificial horizon, and the angular distance 
measured between the object, and an image of it, as 
far below the false horizon as the object is above ; 
the half of this altitude is then, of course, taken, 
and to it the corrections are applied. 

14. Longitude. — To find the longitude is a problem 
of much greater difficulty. As already explained, 
the difference of longitude between two places is the 
difference of time between them. If, then, an ob- 
server could carry Greenwich time with him, and find 
the time at any place where he might happen to be, 
he would at once know his longitude. Now, chro- 
nometers are constructed of such accuracy as to shew 
Greenwich time correctly for a long period, when 
carried to different parts of the Earth ; and to find 
the time at any place, it is sufficient to note with 
a sextant the instant of the Sun's greatest altitude 
in his daily path ; his vertical dLameter is at that 
instant on the meridian, and the time is noon. The 
dironometer shews the Greenwich time at that 
instant; the difference is the longitude west or east^ 



according as time at the place is earlier or later 
than at Greenwich. If the observer find the G. T. 
to be 3 P.M. at his noon, then is he in longitude 45° 
W., as his time is less advanced. 

Lunar Method. — But chronometers may go wrong, 
and they are liable to accident ; recourse is therefore 
had to another method of finding Greenwich time. 
In the Nautical Almanac, published three or four years 
in advance, are set down the positions of the fixed stars 
by their declinations and right ascensions, configura- 
tions of the planets, eclipses of the Sun, Moon, and 
Jupiter's satellites, occult<ation of stars by the Moon, 
and other celestial phenomena. Among these the 
distances of the Moon from certain principal or 
" standard stars," are given for every three hours. 
These are calculated for the Earth's centre, and set 
down in Greenwich time. The observer measures 
with a sextant the Moon's distance from one of 
these stars, which gives (after correction) the star's 
position as it would be seen from the Earth's centre; 
he then finds in the NatUical Almanac the time at 
Greenwich when the star has this same corrected 
distance from the Moon. He thus knows Greenwich 
time at any instant ; his own time he knows, hav- 
ing taken it at noon by the Sun, and he then gets 
the difference of time and his longitude. 

Jupiter's Satellites. — The use of signals in find- 
ing the difference of time between connected sta- 
tions has been already pointed out. Such a signal 
seen simultaneously over an entire hemisphere of 
the Earth, is an eclipse of one of Jupiter's satellites. 
The times of the occurrence of these are predicted 
from accurate calculation with the utmost certainty. 
An ob8er\'er with the Nautical Almanac in his hand, 
seeing this signal aloft in the heavens, knows the 
time at that instant at Greenwich; knowing his 
own time by his mid-day obsei-vation, he has his 
longitude at once. But this method is not easily 
practised at sea, from the difficulty of managing a 
telescope on board ship. 

Definitions. 

15. The sense in which the terms employed in 
geogi'aphy are used l)y us, is given in the following 
definitions ; the advantage of the new term " semi- 
meridian" will be obvious. 

1. The centre of the globe is a point "vnthin it, 
so situated that all straight lines drawn from it to 
the surface of the globe, are equal to one another. 

2. The axis of the globe is a straight line, which 
passes through the centre, and on which the globe 
turns. 

3. The poles are the points where the axis meets 
the surface. 

4. A circle of the globe is a circle described on its 
surface. 

5. Circles of the globe are of two kinds, great and 
less. 

C. A great circle is one vhich divides the globe 
into two equal parts, and whose plane therefore 
passes through the centre. 

7. A less circle is one which divides the globe into 
two unequal parts. 

8. The equator is a great circle, which is every- 
where equally distant from the polea 
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9. Meridians are great circles passing through the 
poles ; and the semi-meridian of any point is an arc 
of the meridian passing through that point, and ter- 
minating in the poles. 

10. The circumference of every circle is divided 
into 3G0 equal parts, called degrees, 

11. Every degree is divided into 60 equal parts, 

called minutes; and every minute into 60 equal parts, 

called see-atids. The mark [^] signifies degrees, the 

mark ['] minutes, and the mark [^] seconds : thus 

23^ 27^ SO'' signifies 23 degrees, 27 minutes, and 30 

seconds. 

A minnte of a great circle is sometimes called a geagra- 
phical milfy and sometimes a nautical mile. Hence a geogra- 
phical mile is 1*15 or lg\ statute miles, very nearly. — The 
mariner*8 log line is divided into equal parts called knotSj 
each knot being the same part of a nautical mile that half a 
minute is of an hour. Hence, the number of knots run out 
in half a minute will be eiiual to the numl)er of nautical 
miles that the ship sails in an hour. The length of one knot 
should therefore be 50 '6 ft. 

12. Latitudej on the terrestrial globe, is the dis- 
tance of a point north or south from the equator, 
measured in degrees on a meridian passing through 
that point. 

13. Parallels of latitude are less circles, the planes 
of which are parallel to the plane of the equator. 

14. Longitude, on the terrestrial globe, is the dis- 
tance of a point, east or west, from a given semi- 
meridian, measured on the equator, or on a parallel 
of latitude passing tlirough the point. 

The semi-meridian, from which longitude is measured by 
the later British geograi>hers, is that of the Royal 0)>serva- 
tory at Greenwich. The semi-meridian of Ferro, the most 
westerly of the Canary Islands, was lon{^ employed b^ most 
of the nations of Europe. I'he scmi-mendian of Paris is now 
used in France, — that of Cadiz, in Spain and Portugal. 

15. The tropics are two parallels of latitude, dra^vn 
one on the north, and the other on the south side of 
the equator, and each at a distance from it of 23^ 
degrees of latitude : that on the north side is called 
the tropic of Cancer ; that on the south, the tropic of 
Capricorn. 

16. The volar circles are two parallels of latitude, 
drawn at tlie distance of 23i degrees of a meridian 
from each of the poles : the northern is called the 
arctic circle ; the southern, the antarctic. 
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snace between the two tropics is cal]e<l the torrid 
Tnc siMices around the i>ole8 mcluded within the polar 



circles, are called the fri'/ul wnra ; those between the |K>lar 
circles and the tropics the temperate zones. The term is 
applied with some improiiriety to the sx)ace8 within the polar 
circles. 

1 7. The sensible Jiorizon of any point on the sur- 
face of the globe is a plane, which touches the globe 
in that point. 

18. The ratiojuil horizon of any point on the sur- 
face of the globe is a great circle, whose plane is 
parallel to the sensible horizon of that point. 

19. A continent is an extensive tract of land, bearing 
a large pro|)ortion to the entire surface of the globe. 

20. An island is a small portion of land, entirely 
surrounded by water. 

21. An isthmus is a narrow neck of land, situated 
between two pieces of water, and connecting two 
larger pieces of land together. 

22. A peninsula is a portion of land, connected 
to another by an isthmus, and at all other parts sur- 
rounded by water. 



23. A promontory is a piece of land, stretching out 
into the water, and gradually narrowing. 

24. A cape is the extremity of a promontory. 

25. An ocean is an extensive tract of water, bear- 
ing a large proportion to the entire surface of the 
globe. 

26. A lake is a small portion of water, entirt»ly 
surrounded by land; or connected to other water 
only by running streams. 

27. A strait is a narrow neck of water, situated 
between two pieces of land, and connecting two 
larger pieces of water together. 

28. A gulf is a portion of water, connected to 
another by a strait, and at all other parts surrounded 
by land. 

29. A hay is a piece of water, stretching into the 
land, and gradually narrowing. 

30. When a gulf, a bay, or a salt water lake is 
very large, it is often called a sea. The name sea is 
also frequently given to a jwrtion of the ocean, in 
some measupe enclosed by islands. 

31. A cJuinnel is a piece of water, situated between 
two pieces of land, too narrow to be accounted a sea, 
and too wide to be considered a strait. 

Origin of the Circles of the Sphere. 

16. The great circle marked out on the surface of 
the heavens by the Sun's apparent annual motion 
from west to east, is called the Ecliptic. Its plane 
produced to the terrestrial sphere, traces there a 
circle of the same name. 

The two i>oints in the heavens, which seem to be 
at rest while all the heavenly bodies are moving in 
parallel circles from east to west in their apparent 
daily revolution round the Earth, are the poles of the 
heavens. A straight line joining these points and 
passing through the Earth s centre, is the ajris of the 
neavens. The poles of the Earth are the points 
where it meets the Earth's surface. Tlie largest of 
the parallel circles, which is equidistant from the 
fixed points, and is therefore a great circle, is called 
the equinoctial ; its plane cuts that of the ecliptic at 
an angle of 23 J^, called the obliquity of the ecliptic. 
It is also marked out in the heavens by the Sun in 
his diurnal motion, on the days of the E<iuinoxe.s 
(March 21, Sep. 21). Its plane produced, forms tlie 
equator of the EartL The i>oles of the heavens art? 
thus the poles of the equinoctial, being points on the 
surface of the heavens everywhere 90^' distant from 
the circumference of the equinoctial. The polos of 
the ecliptic are two points on the surface of tlic 
sphere everywhere 90*^ distant from the circumfer- 
ence of this circle. The poles of the ecliptic aiv 
thus 23 J® distant from the poles of the heavens. 
The tropics of Cancer and Capricorn are marked by 
the Sun in his daily course from east to west, on tht» 
days of the Solstices (June 21, Dec. 21). The iK)lar 
circles are marked out on the surface of the spliere, 
by the daily motion of the pole of the ecliptic round 
the polo of the heavens. If an indefinite number of 
straight lines bo conceived to be drawn to the Karth's 
centre from points in the circumference of each of 
the tropics and polar circles, the points in which 
these lines meet the Earth s surface will mark out 
the tropics and polar circles on the Earth. 



FORM AND DIMENSIONS OF THE EARTH. 



11 



The celestial meridian of any place is the great 
circle passing through the pole and the Sun's place, 
when at his greatest altitude in his daily course, 
that is, at frM4ay; the Sun is in the lower part of 
the circle at mid-nighk The plane of this circle pro- 
duced, forms the meridian on the Earth. The inter- 
sections of the meridian with the horizon are the 
wir^ and s(m^ points of the horizon ; the intersec- 
tions of the equator with' the horizon are the east 
and icesi points. These four points are called the 
cardinal points; the other points are determined hy 
bisecting each of the four arcs of the horizon be- 
tween wese points, and then bisecting each of the 
arcs thus found, and so on, there being 32 points in 
alL The arc between two adjacent points, or the 
angle at the centre of the horizon measured by this 
arc, will therefore contain 11® 15'. — The mariner's 
compass card is an horizon divided in this manner, 
and marked with the various points, hence called 
the points of the compass. 

17. Drawing of a Keridian. — The position of the 
plane of the meridian at any 
place must be determined before ^^ T 
correct astronomical observations \ i 

can be made, or even a celestial 
globe used with advantage. There 
are various wa^ of doing this. 

a. At the time of either sol- 
stice, when the Sun's daily change 
of declination is least, place a rod 
or wire, A b (Fig. 13), perpendi- 
cularly on a horizontal surface, 
and an hour or two before noon, 
mark the extremity, c, of the sha- 
dow which it casts. With this Fig. is. 
length, B c, as radius, and B as centre, describe a 
circle. Mark also the point D, the extremity of the 
shadow when shortest, and a^in after noon the point 
E, where the lengthening shadow firat reaches the 
circumference. Bisect the arc c £ in F, the line 
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joining F and B, which will pass tlirough D if the 
observations are correctly made, will be m the plane 
of the meridian ; B F may now be produced to any 
length both ways. 

b. The meridian so drawn may be transferred to 
any other position, by suspending a plum- b 
met over the southern extremity A (Fig 1 4), 
of the line, and observing when its shadow 
falls upon the line; the shadow c D, of 
another plumb line suspended anywhere at 
G, will at that instant be also in the plane ^ 
of the meridian; thus the meridian c D is Fig. i4. 

-^ound. 

c. The following method is useful in setting up 
sundials : — ^A chronometer or watch having been 
previously set accurately to solar time by means of 
a transit telescope, at a place where the direction 
of the meridian is of course exactly determined, is 
carried to the place where the meridian is to be 
laid down, and gives the instant of noon, and hence 
the direction of uie meridian. If the distance be con- 
siderable, the difference of longitude must be allowed 
for in time. Any other method by which noon is 
accurately found at the place will equally answer. 

d. From the two ends of a rod, A B (Fig. 15), 
supported on a pivot so 
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as to move freely, sus- 
pend two plummets, 
A c, B D, steadied, if 
necessary, in vessels of 
water. Observe when 
the stars Polaris above 
the pole, and Alioth in 
Ursa Major below it, 
are in the plane of the plumb liues ; that plane 
will then be the plane of the meridian very nearly 
— the deviation in high northern latitudes being 
only 7'. The observation may also be made upon 
Capella below the pole, and Alioth above it^ but 
less conveniently. 
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The Land— Its Distribntion, Profiles, and Contours— Islands—Diagrams of Biver Lengths 
and Mountain Heights. 

Tlio contrastA of tlio eastern ntij western 



1. Diatrilmtion of the Laod. — The unequal dls- 
tribntiun of tlio land on the siirfai-e of tlie globe is 
Htrikingly shewn liy placing a toireittnal globe bo 
that London may be everjwhere ilO" from the 
rational horizon — nearly all the land ia tlien in 
the upper hemisiiherc or abuve the horizon of 
London ; tlio lower heniisjibero conlaiiia only 
Australia, the inlands of the Indian architwlago, a 
KHiall portion of South America, the Antarctic con- 
tinent, and the Parific Isles — forming altugcllii^r 
little more tlian onc-twuntieth of the masNcs of 
lund iu the oiitwHitv hcmiiiphi're. If wo compare, 
again, the northern and Eoiithem hcmiiiTilicrcH, we 
obBerve a like Btriking disproiiortion ; the former 
contains three times ns much land us the tatter — 
the areas bi-ing estimated at about 3S nnd 13^ 
millions of squnrc miles respectively. South of 
the parallel of 3H° S., wo hnvo only the long, nar- 
row promontory of Pat.icouia, the Antarctic con- 
tinent, and a few small blands; while in tliesamo 
latitudes in the north we have a vast extent of 
land reaching to within 8 or 10 degrees of the 
Arctic pule. In the southern hemii^phere the laud 
between the Antarctic circle and thu [uirollel of 
13" a. fonns onlv one-aixteonth uf the entire area; 
while between the Arctic circle and the parallel of 
13" N., tho Und and water arc of nearly equal 



extent. 

hemispheres, divided from one another by tlio 
meridian of 20" W., are no less reniarkaldc ; the 
former contains about 2^ times as much land as the 
latter, tlio respective areas lieing 37 and 14^ millions 
of B(|uarc miles. The entire area of dry land is 
estimated at about 51,2!>0,000 squaro mthd 
(statute); the area of water at about 14.'i,60U,niJ<i 
square miles; makuig a total area for the surface 
of the globe of 10G,8.'50,00U square miles. Thus 
about seven-tenths of the surface are occupied by 
water, nnd three-tentlis by land. Of the water 
eeven-twelfths arc in the southern hemisphere, nnd 
five-twelfths in the northern. The distribution of 
the land throughout the different zones is very 
nearly expressed by the following numbers, the 
entire area of the globe being represented by 

Land in the temperato zones, - - "510 

torrid zone, .... -398 

—^ fiigid Eoncs, .... -OSS 

S. Profllet and Derelopment — TIic eastern and 
western continents prvsent striking contrasts, when 
wo compare the directions of the greatest extension 
of the land. The principal mass of the Old World 
stretches from cast to west over nearly half tlie 
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cireumferenca of the globe. In the New "World, 
the land is developed along an axis running ncudy 
north and Bouth, througli more tban two-tliirda of 
the circumference. On the north both have a com- 
paratively Gmooth outline, almost coinciding with 
the 70th parallel ; ivhile on the opposite side they 
run far down into the southern body of waters 
in great pyramidal prolongations, with extensions 
beneath the sea, as indicated by islands or banks. 
South America is continued in tlio archipelago of 
Tierra del Fuego; Africa is flanked by a great 
Bubmarine plateau, called tlio Lagullas Bank; while 
Au«tTalia has a like extension in Tasmania and its 
connected islets. In both directions the most pro- 
minent points are nearly under the same meridian. 
ThuE^ though the prineipal mass of South America 
lies to the east of the meridian of 70" \V., and tli.it of 
North America to the west of it, yet it is under this 
meridianthat we find the most uorthci'lyandsoutliLTly 
points of the continent, the north-west point of 
Greenland in 83'' N, and Cape Horn in 50" ti. The 
north Cape of Europe, and the Cape of Good Hope 
are both on the meridian of 20^ E. ; and Cape 
Taimura, or the north-east Cape of Siberia, and the 
extremity of Malaya, on that of 100" E. — Proceeding 
eastwards from the Atlantic we find three great 
promontories successively nearer to the pole : Africa 
terminates in lat. 34", Australia in lat, 40*^, and South 
America in lat. 56°. The tendency to rejieat these 
pyramidal terminations on their southern sides ia 
seen in Asia, Europe, and North America Asia 
presentA towards the ocean on its so tl em s de from 
Behring Strait to Suez, a succe on f cr at pen 
fiulas and [iromontorieB, white ts out! ne on tl 
north is almost unbroken by p oj t n^ po nta f 
land. Euro})e fronts tlie Medit an n th a hke 
series of salient lands and re- Qt nt haja and in 
North America, Greenland, and tl la g pen nsu 
las taper olf in the same manne towa ds 
the body of water on the south. Tl e only 
notable exceptions to this tend n y a 
found in Labrador and Yucatan in Amenc 
and Jutland in Europe, all of h 1 a e 
directed northwards. In singular contrast 
to these broken outlines arc the sm otl 
coast profiles of the great soutl m mas 
sea of land, Africa, Australia, and Soutl 
America. The latter has a comp nsat on 
in the most magnificent river sjst ra on 
the surface of the globe, by m ana of 
which the continent can be tra rsed n 
every direction through almost ts nt e 
breadth. The want of such a sy t m and 
their unvaried contours seem almo t to 
close up the two former again t all m 
fluences from without. They ha e I mates 
of a peculiar character, and civilization and 
commerce are as yet confined to a few 
favoured spots along their margins. 
Europe is placed, in tliis respect, under 
more favoured conditions than any other 
of the continents. Not only is its principal 
mass characterized by an extraordinary 
complicity of bay, gulf, and inland sea ; 
but its eeparote limbs or members thus 



formed, are again divided in endless variety of pro- 
minence ami indentation. Tlie facilities thus pro- 
vided for iutercoHrso among the various races that 
from lime to time have occupied its shores, cannot be 
regarded as fortuitous — they are obviously parts of 
a great design for the diffusion of Christianity and 
the growth of ci\'ilization. — The differences of con- 
figuration, and the relaim acctssiUlilij of the con- 
tinents, have been reduced to numerical expression by 
comparing the areas and extent of sea coast. These 
are given in the following table, which is calculated 
for minutes of a degree or geographical miles ; — 

Am In BiiiiirB mllM r.eUBUi of S.iium mJlm to 
CuntiniuiU. orGafoil-. CaM\the. uuo uiiit, ut ctt^i. 

Europe, - 2,G88,000 17,300 ]56 

N. America, - 5,472,000 24,000 228 

AustraU.% - 2,208,000 7,600 230 

S. America, - 5,136,000 13,600 376 

Asia, - - 14,128,000 30,S00 459 

Africa, - - 8,720,000 14,000 623 

The river systems are of course omitted in tliis 
estimate ; tlieir introduction would greatly modify 
ihe ratios of accessibility, at least aa regards North and 
South America. 

To some less important analo";ie3 and contmata in 
the horizontal profiles Humboldt long ago called 
attention, but without professing to have ascertained 
any " causal connection." Of these we may mention 
the convexity of Brazil opposite to the deep con- 
cavity of the Gnlf of Guinea ; the convexity of Africa, 
fronting the deeply indented coast of Central 
Am rica the coiTcspondence of the salient and 
nt( g angles on the west coasts of Africa and 
Soutl ^ uerica, and tlic parallelism of their eastern 
1 on.s tl e opjwsition of mdcnted and island-fringed 
oa^tti to those having on outline smooth aud free 
f om islands, and the fiord character of Norway and- 
Scotland epeated in corresponding south latitudes 
on tl st coast of America. 
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3. Vertical Contours. — The horizontal profiles, 
which we have thus briefly sketched, have an intimate 
dependence upon the vertical contour ; that is, upon 
the direction and height of the mountain ranges, 
and the situation of the plains. Horizontal extent, 
and the forms even into which the horizontal 
outlines are broken, are in most cases determined 
by the direction of the greatest length of high ground 
in the interior, — in other words, the dtvdopment of 
the land is in the same direction as the greater axis 
of a mountain chain or hill range ; and this is true 
alike of the continents, as of most of the islands, 
peninsulas, and promontories. The length of America 
is determined by a vast chain, the longest and most 
continuously elevated on the surface of the globe. 
The great breadth of the continent in Brazil, the 
United States, and Labrador, is obviously con- 
nected with the considerable, but much less elevated 
mountain ranges flanking these plains on the east, 
and liaving a general parallelism to one another, and 
to the shores of the Atlantic. 

In the eastern continent a like dependence is 
observable ; the land has its greatest extent nearly 
from east to west, and this is also the general 
direction of the principal axes of all it« elevated 
masses ; they present undulations much more con- 
siderable than those of the New World, but no 
wide inteiTuption in continuity from the west of 
Spain to the Sea of Okhotsk and Behring Strait. 
Here the chains of the two continents are brought 
into close connection. Together they form a vast 
girdle encircling the Pacific and Indian Oceans, and 
surrounding the Mediterranean, — for the Atlas is 
part of the system. Abrupt towards these oceans, 
its gradual slopes are directed northwards to the 
Arctic basin, and in America eastward towards the 
Atlantic. 

The structure of Africa and Australia is essentially 
diflferent from that of the other continents. They 
have elevated borders and a comparatively low 
interior, and are without any single high chain 
determining the outlines, as in America and Asia. 
Of Australia wc know too little to be able to speak 
positively, the east border is formed by a high per- 
sistent chain ; the west by one less elevated and less 
continuous. The interior between them is com- 
paratively level, and in many parts desert. — Of the 
Antarctic continent, we only know that it has an 
ice-boun<l coast and lofty volcanic peaks in its 
interior. It lias not been, and probably never can 
be explored. 

4. Hean Height of Land. — Mountain chains and 
table-lands influence in the most remarkable way all 
terrestrial phenomena, and to some extent the 
political and social relations of all the adjoining 
nations. Yet is their mass insignificant in comparison 
to the low and level tracts. To reduce this to 
numerical expression, Humboldt made approximate 
estimates of the quantity of matter in cnains and 
plateaux, calculating tliat of the former as triangular 
prisms, that of the latter as parallelopipeds, with due 
allowance for irregularities of outline, and departure 
from these exact figures. Thus, taking the area of 
the base of the Pyrenees at 1720 square miles 
(statute), and the mean height of tlie 48 (lasses over 



th© crest (excluding the two roads at the end of the 
chain) at 7990 feet, the quantity of matter in the 
chain is such as, if spread equally over Europe, 
would raise its surface 6 feet, and if spread over 
France, would raise it 115 feet. The Alps cover 
a base four times greater than that of the Pyrenees, 
but the passes have a mean height 300 feet less. 
The matter distributed, would raise the mean level of 
Europe 22 feet ; that of the Spanish plate^iu, whoso 
mean height is 1920 feet, would raise Europe 3C 
feet. The nlateau of Tibet, with its great bounding 
chains, would raise Asia 358 feet Taking in this 
way the means between all the high lands and all 
the low lands, the mean elevations of the continents 
have been found approximately as follows : — Euro|)e, 
G71 feet; North America, 784; South America, 
1132; Asia, 1152. The mean elevation of Asia is 
so small, notwithstanding its vast chains and table- 
lands, on account of the great extent of the Siberian 
plains, and the depression about the Caspian, wliich 
form together one-third of the continent, and have 
a mean elevation of no more than 255 feet. This 
fact, in connection with the slight elevation of North 
Europe and North America, places in a striking light 
the low level of the Arctic regions. The mean 
height of all the land on the globe is estimated at 
1000 feet : of the New Worid, at 930 feet ; and of 
the Old, at 1010. 

5. Islands. — ^The islands of the globe have been 
estimated to contain about one-twenty-third of the 
area of all the continents. They are divided into 
two groups, the continental and pelagic. The 
former are those which are closely connected with 
continents, like the adjoining mainland in phyrical 
aspect, in their fauna and flora ; the latter, those 
dotting the surface of the ocean far away from 
land. Taking their features from an axiiu chain 
parallel to, or in continuation of one upon the 
mainland, continental islands arc generally much 
extended in one particular direction ; while pelagic 
isles are either i/vithout mountains, or receive their 
form and outline from a central peak or group. 
Pelagic isles occur in countless multitudes over the 
surface of the central and western Pacific, and there 
are a few in the Atlantic, Indian, and Soathem 
Oceans. With a very few exceptions, these are all 
either of volcanic or coitdline formation, or have 
been produced by the joint action of volcanic forces 
and the coral-building polypL The few exceptions 
to this rule are the Seychelles in the North Indian 
Ocean, which consist chiefly of granite and quarts 
rock, Kerguelen's Land in Uie southern part of the 
same ocean, having an axis of primary rock% with 
a volcanic group in the north, and New Caledonia, 
1000 miles north of New Zealand, which has a 
central ridge of old rocks, and frindng reefs of coral. 

6. Rivers. — The declivities of the land determine 
the fall of rivers, the direction being usually at 
right angles to the axis of the ranges, which send 
them ofi^, and in most cases the size of the river 
depends on the length of its course ; usually also, 
the countries with a great rainfall are those in which 
the largest rivers are found. The Shannon in 
Ireland is an exception to the first, there being per- 
haps no river witn so short a course and so great n 
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IxKly of water, while it is otlicrwiite cxccptionnl ae 
I'unuing jarallt'l to tlie sea toast, ami at no great | 
distance from it, iiisUml of issuing from the centre I 
of the country. Tlie Nile is a striking exceiition I 
— its course Iteing certainly the longest in tlio worlil, . 
but the boJy of water hy no means cumiuirablo to ' 
that of many shorter streams. In or near tlio 
trojiical n-gionji, tlie larger rivers oiiglit t" lie fouu'l, 
ua the r:un-taU is greittest; nn<l we tiixl it thus in 
^k■uth America, where the AmazuiH, the largest of 
the globe, is also the only one whose course is almost 
wliolly along the equator. The Missouri-Mississippi 
is indeed no doubt longer, but its diselmrge is lees, j 
The two greatest rivers of the woild, then, are on | 
the American cMintiiient, and they form a pair almost | 
exactly equal in all their main features — both are ' 
navigable through nearly 2000 mile.*. Comparable ■ 
to tlie two great streams of America, are the two '• 
great rivers of Asia— the Yang-tse and the Whang- j 
ho, which liavc their sources in thu ieu caves of the i 
vast central plateau, have immense volumes of . 
water, and arc navigable without hindrance through | 
nearly 2000 miles. One river of Asia, tlie Burram- , 
pooler, presents the marvellous anomaly of liaving ' 
the principal part of its course at the height of 11 1 
to 13 thousand feet above the sea, and being | 



here navigat<-<l fur many hundreds of miles. But 
an account of the nlher streaujs would lead into 
long details, for which there is no siKice; it must 
Buftieo hei-e to ri'fer to the sclirmi! upon the map. 

7. Honntainfl. — The diagram in the map brings 
the prineii>al mountains of the continents into eloao 
comparison, and an examiimtion of it will serve the 
pui^josi' of a detailed descriiition. As tln! vaiions 
chains full more luiturally to be described under the 
accounts of the physical structure of the various 
continents, it will Ixi unnecessary to do more here 
than refiT the reader to the scheme, jVsia, in its 
Indian Himalaya, has the loftiest mountain, Deod- 
liunga or Gaurisankar ; and in a cii-cuit of two or 
three hundred miles from it on this and the cou- 
necteii cliains, there is a greater number of lofiy 
peaks than in any other part of the world — a vast 
assemblage, the height of all of which much passes 
the heights even of the loftiest Andes, which come 
next to these giant peaks of Asia. Wondious, 
impressive, awe-inspiring as they aie, and fitted to 
raise the soul in adoration of tlie power and m^esty 
of the Creator, yet are they withal less picturesque 
and pleasing than lesser chains, amid which we have 
the added chai-in of winding lake, nigged crag, 
embosomed isle, and liaugiug wood. 
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fl. Tms continent presents in ils form and outlines 1 to that conlaiiicil in any oiIht continent, so deeply 
ft most remarkable contrast to ail the other continents | interaected it it on all sides by gulfi and luiya, 
on the surface of the globe. The compact Ijotiy of This is at once made ajipannt liy laying ofl' ujwn a 
non-peninsulated dry land is very small comimrcd 1 map an ellijitic area from the northern point of 
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Moravia as a centre, with the semi-axis major 
reaching to the mouth of the Danube, while the 
semi-axis minor reaches the heiid of the Adriatic. — 
Access to the heart of the continent is thus had on 
all sides ; and this structure, in connection with the 
great f number of large navigable rivers, has con- 
tributed immensely to the intercourse of its people 
and the development of its resources. Tliough but 
one-third the size of Africa, the coast line of the 
inland seas, estuaries, and oceanic boundaries, makes 
a greater total water-boundary than that of this 
continent (Art. 19). 

These peculiar features of Europe are intimatelv 
related to the disposition of the masses of high 
Land on the continent. A broad and nearly con- 
tinuous zone of mountains traverses it in a direction 
which is ai>proximately from east to west, or nearly 
perpendicular to the Atlantic coast, wliile on either 
side of this the surface is so low and level, that 
oceanic influences are freely admitted even to the 
central elliptic area most remote from any body of 
water. The two great inland seas opening off 
the Atlantic, and the great Northern plain, give 
ready access for the prevailing westerly currents of 
the atmosphere, charged with a load of moisture, 
to the interior of the continent. Hence arises the 
mild climate which most of the countries enjoy, 
even in the highest latitudes, and which stands m 
singular contrast to the character of the seasons in 
the same latitudes in the New World. If the 
direction of the elevated framework of high land had 
been meridional and near the west coast, and its 
elevation even no greater than we find it, the interior 
of the continent would have been very differently 
circumstanced as regards moisture and general 
temperature; and sucli an excessive climate might 
have reigned over very large portions of it as now 
prevails in the middle and eastern parts of Russia. 
Such a chain would have arrested the warm moist 
currents, and obliged them to deposit nearly all 
their load against the cool sunmnts, as mountain 
ranges not so high do in other coontries-^notably 
India and Ceylon. The range itself would have 
been well watered, and would have been a store- 
house for a persistent supply of perennial streams, 
parting off on both sides; but the central and 
eastern plains would have received from these 
winds but a scanty supply of moisture ; and instead 
of latent heat being set free, caloric would have 
been absorbed and evaporation promoted. Over 
Central and East Russia, some such effect as this 
is really produced, even under tlie actual configura- 
tion of the surface of Europe. Before reachbg so 
far, the westerly currents, which are the great 
source of moisture and mild climate in Europe, 
have lost to the mountain ranges, across which tliey 
must pass, nearly all their moisture — they are dry 
and cool, and promote eva|x>ration. Besides, the 
country is completely ojKjn to the north and north- 
east, so that Arctic mfluences rule supreme. But 
had the Ural been an abrupt cliain of somewhat 
greater altitude and transvei'se to the meridian, the 
climate of the east of Euro|>e would have been very 
different Remarkably contrasted witli it is the 
climate of the north-western part of the continent^ I 



wliich enjoys much milder seasons in latitudes con- 
siderably to the north. Here, and along Uie 
western coasts generally, the waters of the Gult 
Stream exercise a powerful influence over and above 
those effects which are due to the proximity of the 
ocean. The tepid waters warm the air, and milder 
temperatures are diffused than would othenn'iso 
prevail It is also important to remark, that 
Europe lies wholly within the region of variable 
winds, and thus becomes liable to many local in- 
fluences not found on the other continents, wliich 
greatly modify the character of her climate. 

9. Climates. — With certain local exceptions, the 
following division of Europe into zones will convey 
a correct notion of the climates : — 

1. The sub-tropical zone, embracing the south of 
Portugal, as much of Spain as is bounded north by 
a line joining Cape St. Vincent to Cape St. Martin 
and the Balearic Isles, the southern half of Sicily, 
and the southern promontories of Italy. Sheltered 
by the high lands on the north, and open to the sea 
influences and to the warm winds of Africa, this 
zone forms one of the most delightful regions" of 
Europe, and nourishes many vegetable forms found 
nowhere else on the continent, and usually confined 
to the tropics or their borders. It is also the only 
abode in Europe of a quadrumanous animal. 

2. The southern zone, reaching from lat. 38® to 
45*^ N., and embracing Spain, the south of France, 
Italy, Greece, and the south of Turkey, Here the 
summer temperature reaches 100*^ F. > winter is 
short, little snow falls, and spring is early. The 
weather is generally dry, with cloudless skies ; the 
average rain-fall about 37 inches; number of rainy 
days 90 to 100. Local exceptions occur in Spain 
on the plateau of Castile, which, owing to its 
general elevation and the proximity of snow-clad 
mountains, has a temperature in winter much lower 
than is due to the latitude ; and also in the mountain 
tracts in the north of Greece. 

3. The middle zone, from lat. 45** to 55® N., 
embracing the cehtral and northern parts of France, 
the Netherlands, Germany, and the southern parts 
of Russia. The summer temperature reaches 90"* 
generally, except in the east of Europe, where it 
often attains 100® to 110® P. The snow-fall is 
considerable ; winter is the longest season, autumn 
the shortest; rain-fall about 26 inches, except 
under peculiar local conditions; the number of 
days on which rain falls is on an average from 
150 to IGO. Tlie most remarkable exception is 
South Russia ; here the climate is excessive, from a 
cause already explained ; snow lies for four or five 
months, the skies are clear as in Canada, and the 
cold very severe ; the spring lasts for but two or 
three weeks, and vegetation rushes rapidly into 
summer luxuriance. On the west coast of France, 
in the same latitude, snow is almost unknown. 

4. The northern zone, from kt 55® to 70® N., 
embracer all the north of Europe, in which the con- 
trasts are very great, especially towards the north, 
where the Sun does not set for months, and tlio 
heat is not dissipated by the occurrence of night ; 
and for a like reason, the cold of winter is not 
moderated at the opposite season; the rain-fall, with 
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local exceptions, is no more than 16 or 18 inches; 
rainy days, 150 to 200. In this zone, as in the 
third, the contrasts between the summer and winter 
temperatures increase greatly as we advance towards 
the east, giving to this part of the continent the like 
excessive climate which prevails on the eastern sides 
of North America and Asia. 

10. The Moimtain Zone. — The broad belt of high 
land which impresses its marked physical character 
on the European continent, is but the western 
portion of an immense zone of mountains which 
girdles the central part of the Old World from 
Cape St Vincent to Behring's Strait, where it comes 
into close connection with the great dominant chain 
of the New World; while at the south-west ex- 
tremity it is separated from the north-western range 
of the Atlas only by the narrow interval of Gibraltar 
Strait. The eastern and western sections of this 
great zone almost coalesce on the boundaries of the 
two continents, being separated only by the narrow 
depression occupied by the Dardanelles, the Sea of 
M!armora, and the Bosphonis. The western section 
may be conveniently divided into six systems — the 
term system being understood to mean a set of 
mountain groups dependent upon a main or axial 
range, or closely connected with one another in 
structure and direction, though no mineral axis 
should exist among them. The term, however, is 
often applied very loosely by geographers; it is 
rather a misuse of terms to designate a single range 
or chain like the Caucasus or the Ural by the name 
of a system, which in strictness is applicable in 
Europe to the Alps only. Taking then the term 
in its looser sense, we may arrange the European 
mountains into the six following systems : — The 
Iberian, Alpine, Carpathian, Caucasian, Uralian, 
and Scandinavian. 

IL Iberian KoimtainB. — ^The mountains of the 
Peninsula have a certain mutual connection, yet 
scarcely such as to entitle them to the name of a 
system in a strict sense. The Pyrenees, the principal 
chain, are, however, by means of other chains in- 
osculating with them, joined indirectly with all the 
ranges of the Peninsula, except, perhaps, the Sierra 
Nevada. The Pyrenees separate France from Spain, 
and with their lateral branches extend a considerable 
way into both countries. The length between the 
Mediterranean and the Atlantic is about 270 miles, 
and the breadth about 90 miles ; culminating point 
Maladetta or Mauduit (lat. 42° 30' N., Ion. 0° 30' E.), 
11,424 ft. high« The numerous lofty branch chains 
on both sides are separated by fine Alpine valleys, 
which communicate oy passes across these off-sets. 
The axis of the chain is granite, usually flanked by 
primary schists, but overtopping them, and thus 
forming the loftiest summits. Mount Perdu, 11,168 
feet high, and Marbore, 10,050 ft., are the chief 
exceptions ; their upper parts consist of fossiliferous 
limestone, most probably of the chalk formation. 
The minerals of the chain are unimportant; but 
mineral springs, both cold and thermal, are very 
numerous. The latter issue at the junction of the 
granite with the slate rocks, as if the granite, once 
melted, was not yet cold at great depths ! There 
are magnificent forests of deciduous trees, which 



afford much finer contrasts of colour than the sombre 
fir-woods of the Alps. The chain of the Pyrenees 
has two remarkable features : it consists of a single 
ridge with a narrow and almost unbroken crest, luce 
a huge rampart reared up between the two seas; 
and it is without longitudinal valleys. The crest is 
notched by about 50 passes, expressively called »or^, 
from their resemblance to doors cut in the rock, and 
rarely more than 1000 ft. lower than the summits 
of the mountains. They are impracticable for wheel- 
carriages, and the only roads of this kind are two, 
one at each end of the chain — the Col de Pertus on 
the Mediterranean shore, and the pass of Bidassoa 
on the Biscayan coast, where the chain declines 
somewhat before plunging into the sea. The most 
remarkable passes are the " Breche de Roland," and 
the "Porte de Venasque," which affords a magnificent 
view of Maladetta. The highest summits are not 
on the crest proper, or main axis, but on spurs 
passing off to either side. The narrowness of the 
crest, and the existence of lateral valleys only, imply 
the absence of large snow-fields and glaciers com- 
parable to those of the Alps, and of lakes of any 
considerable magnitude. The granite of the Pyrenees 
is considered to be newer in most parts than the 
cretaceous rocks, in some places perhaps even than 
the lower tertiary ; and it is probable that the whole 
chain was elevated suddenly towards the close of the 
chalk period. 

That part of the chain which terminates on the 
sea coast near the mouth of the Bidassoa^ is not on 
the axis proper of the Pyrenees, but is a branch chain, 
given off at the head of the valley of Bastan near 
the "gloomy Roncesvalles Strait." The main axis 
bending here slightly into a direction due W., 
traverses the northern part of Spain 20 to 35 miles 
from the coast, as far as Ion. 6^ W., where it divides 
into three branches terminating at Capes Ortegal, 
Finisterre, and Selleiro. This is the Cantabrian 
chain of Malte-Brun, designated locally by various 
names in its several parts, one of which is the Sierra 
Alba, W. of Reynosa, the principal heights of which 
range from 5700 to 6900 ft. ; culminating point of 
the whole chain, Peiia de Peuaranda 10,910 ft., 35 
S.S.W. of Oviedo, on a south spur. Near Reynosa, 
between the head waters of the Ebro and Douro, 
the Sierra Alba is connected with a long line of high 
ground, in some places rising into mountains, which 
extends continuously S.E., S., and S.S.W. to Cape 
St. Martin in Valencia, with a branch to Cape Palos 
in Murcia. With tlie Pyrenees it forms the basin 
of the Ebro (Iberus), which it divides from the basins 
of all the other Spanish rivers, whose head waters 
lie along it, and whose course is nearly at right 
angles to that of the Ebro ; the culminating point of 
this series of chains and plateaux — for it can scarcely 
be called a chain — is Monte Moncayo in the Sierra 
Deza, 27 miles E. by S. of Soria, 9600 ft. high. 
With this high watershed, the other ranges of the 
Peninsula, traversing the country in a direction 
between W, and S.W., form a series of mountain 
knots. These are the Castilian mountains and Sierra 
d' Estrella, terminating in Cape Roca, highest^point, 
35 mUes S.W. of AvUa, 10,531 ft. ; the Sierra de 

Toledo, ending at Cape Espichel, near Setuval, 
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highest point 6116 ft ; the Sierra Morcna, ending 
at Cape St. Vincent, MgheBt point 6500 ft, 38 miles 
S.W. of IJerena ; and tno Sierra Nevada, tenninat- 
ing at Cape Trafalgar, culminating points Mulhacen 
and Veleta, N. of Motril, 11,678 It., and 11,387 ft 
Gibraltar Rock (Djebel-el-Tarek, Tarek's Eock, 
named from the first Moorish invader) is an outlier 
of this range, height 1451 fl. 

These various chains send offsets into the valleys 
on either side, and most of them have minor parallel 
ranges and table-lands placed as buttresses to the 
main chain. South-west offsets from the Pyrenees 
traverse Catalonia, and in the north of Valencia 
approach the high watershed already noticed, thus 
forming a second southern counectioo with the 
Pyrenees. 




0tBRU.TAR KOCK. 

13. Oallio Chaisi. — Closely connected with north- 
ern offsets of the Pyrenees, which reach to the valley 
of the Ande and canal of Languedoc, a high chain 
has its origin near Carcassonne and Castclnaudary, 
and runs continuously \. 400 miles, chiefly under the 
name of the Cevennea (Cebenna of the Koroans) and 
Monts d'Or, to the sources of the Seine, Meuse, and 
Saone ; thence bending N.R, it assumes the character 
of an irregular plateau, to become a mountain chain 
again in the Vosges of the Palatinate (Wasgau of the 
Germans) and the Taunua of Nassau, whose declin- 
ing heights bring it almost into connection with the 
Hars forest and the Teutoburger, which drop down 
into the great plain of North Germany. The 
greatest altitudes of this chain are found in the 
south about the sources of the Loire and AUier, 
where tliey reach nearly 6000 ft., though a single 
summit near Clamecy (dep. of Niuvre) is some- 
what higher ; the Vosges present none of quite 6000 
ft, and northwards the beighte are little over 2000 
ft. From this great watershed of Eastern France, 
three continuous ranges pass off westward, dividing 
the rich plains of the three great rivers almost tu 
the Atlantic; one terminates near Nantes, another 
at Brest, while the Argouno and the Ardeimea reach 



from the sources of the Meuse and Saone to the 
Strait of Dover. This latter, on the* borders of 
France and Belgium, does not much nass 2000 ft; 
the middle chain declines from nearly 3000 ft. to 
1300 ft. near Brest; the central chain in M. Dor, 
in Aurergne, and Oulouze near Limoges, reaches 
heights 6^m 6200 to 4600 ft 

Alpine Ststebl 
13. — Separated fixtm this great range and its off- 
sets by the valleys of the Saone and Rhine, the 
Jura and its contmoations northwards into Ger- 
many, the Schwartzwald and OdeniTald, arc properly 
parts of the Alpine system. The centre of this, the 
only true mountain system of Europe, is near the 
middle of Switzerland, in the south part of the 
canton of Uri, where those of 
Berne, Vallais, Tessin, and Gris- 
^ ons border with it Here, within 

"---- a radius of G to 8 miles, there 

lies a mass of very lofty moun- 
tains, called the St Gothanl 
group, from which dx great 
valleys, each contfuning a river, 
and five great mountain chains, 
radiate in all directions. The 
valleys are those of the Rhone, 
Aar, Reuss, Fore-Rhiue, Ticino, 
and Toccia, The mountain chains 
are — the main chain of the Alps, 
towards Mont Blanc; the Bernese 
Alps, separating the basins of the 
Rhone and Aar; two cluuna 
running N.W. andN.K, dividing 
respectively the courses of the 
Aar and Reuss, and those of 
the Reuss and Fore-Rhine ; and, 
lastly, the great main axis of the 
Alps, running K between the 
Rhine and its affluents on one 
side, and the tributaries of the Po on the other. 
AH these natural features are well seen npon a 
l^ood map of Switzerland. But as the Alps stretch 
into the adjoining countries, it will be more con- 
venient to begin at the most southerly limits and 
then to pass continuously along the chain, following 
the course of the central axis, and the chief branches 
proceeding from it 

This central axis from the K frontier of France to 
the W. frontier of Hungary, consists of a hroad 
band of igneous and other crystalline rocks, oa either 
side of which the newer formations are synunetrically 
developed on a scale of magnificence cotrespmidtng 
to the magnitode of the mountain masses wnich Ue 
along the axis. It is, however, a peculiar featnn 
in this structure, that the paUeosoie rock* ue 
almost entirely absent — wholly &om the westerD 
and central Alps, — while there is a vast develop- 
ment of those of newer age upwards from the 
Trias to the most recent tertiarics, both inclusive. 
So complete and wide-spread is the metamorphism, 
that the sedimentary deposits at long di^ancet 
from the axis assume the aspect of crystalline schistic 
and can only be identifleci by their foacik. The 
Eaatera 1^1, on the S. side of tlie axis, is remiric- 



MAP n.— PHYSICAL MAP OP EUROPE. 



19 



able for a wondrous assemblage of mountains of 
dolomitic limestone, whose singular positions and 
forms have led some geologists to suppose that they 
were built up as coral-reefs in an ocean, the floor of 
which slowly sank to an enormous depth. There are 
two systems of valleys in the central and eastern Alps 
— the longitudinal in the line of the axis, and the 
transverse at right angles to it. The eroups S.W. 
of M. Blanc have not this structure — ^^ey resemble 
the Pyrenees in having toansverse valleys only. 

The most convenient southern limit of the Alps 
is the Col di Tenda^ N. of San Bemo, in the pro- 
vince of Nice, a pass from the coast into the Lom- 
bard plains. East of it the mountains are lower 
than on the west side, and are called Apennines by 
tke natives. The Col di Tenda is in lat. U^ 10' 
N., Ion. 7« 40' K, and is 5890 ft. high ; across it 
the great road leading from San Semo to Coni in 
Piedmont passes — the onlyroad practicable for wheel- 
carriages W. of the Bochetta Pass, which is N. of 
Genosy and only 2550 ft. high. 

Central ChauL— B^^ning at the Col di Tenda 
and proceeding W., NT, and E., we have the follow- 
ing subdivisions of the Alpine system, which, with 
their desimations, are nearly the same as those 
established by the Eomans : they are represented in 
a general way on the adjoined ground-plan. 



3. The Graian Alps (ed) from M. Cenis pass to 
Col du Bonhomme (d) W. of M. Blanc, 55 miles. 
The origin of the name is unknown. Principal 
heights — Grand Paradis 13,300 ft.. Aiguille de 
la Sassiere 12,346 ft., M. Pourri, 12,800 ft., the 
Grivoia 13,005 ft, pass of M. Cenis 6775 ft., of the 
Little St. Bernard W. of M. Blanc, 7192 ft. By one 
of these Hannibal most probably crossed B.O. 218. 

4. The Pennine Alps stretch from Col du Bon- 
homme to M. Kosa (e) due K 60 miles. The name 
is derived from the Celtic word Pen, a ^reat moun- 
tain, Ben in Scotland and Lreland, Pen in England 
and Wales. Height of M. Blanc 15,810 ft., M. 
Kosa 15,217 ft, Matterhom 14,705 ft., the Dom, 

a N. spur, 14,935 ft., the highest in Switzer- 




«, Col di Tmda. 
6, MotttuViao. 
e. Moot TbALor. 
d, OoldafionlKmiine. 
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Monte Rosa. 

Vogelsberg. 
a, Drai-herm-«pitx 
\ The Wienerbeiis, now Vienna. 
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i, Berneie Alps. 
k, Vorarlberg chain. 
/, Bemina. 
m, Drei-Schostor 
peak. 



1, The MarUime or Ligurian Alps (a b) extend from 
the Col di Tenda to Monte Viso, 65 miles. Spurs 
strotch S. and S.W. to the sea-shore, forming, with 
their vallejrs, terraces, and slopes, the rich and pictur- 
esque region called the Riviera. The principal 
he^ts are. Col de Longet^ 9345 ft., the Mont 
CUmer, 10,433 ft., Rioburent^ 11,142 ft., Aiguille 
de Chambeyron, 11,155 ft. 

2. The CoUian Alps {b c) extend N.W. and N.E. 
from M. Viso to M. Thabor (c) 45 miles; so named 
from Gottns, kin^ of the country in the time of Augus- 
tas. Principal heights— M. Viso, 12,643 ft., Levanna, 
12,020 ft., Eoche Melon, 11,606 ft., M. Thabor, 10,436 
A, M. Oenivre pass, 6160 ft., from France by Susa 
to Turin. In Dauphin^, on a great offset, are the 
PoiiitedeBEcrins, 13,462ft., andllPelvoux, 12,973ft. 



on 

land; Weisshom 14,804 ft., and 8 others not less 

than 11,000 ft.; pass of the Great St. Bernard, 

from Martigny to Aosta, 8150 ft. at the hospice 

—crossed by Napoleon, May, 1800, with 30,000 

men. 

5. The Helvetic or Lepontine Alps (ef) extend in 
a great arch N.K and S.E 85 miles, from M. Rosa 
to the Vogelsberg and pass of Bernhardin at the 
source of the Hinter-Rhine, the greatest convexity 
of the arch being at the St. Oothard group already 
noticed. The names are taken from those of ancient 
tribes. M. Leon 11,541 ft., Galenstock 11,956 ft., 

Pi2zo Rotondo 10,500 ft., Pizzo 
Pesciora (whence streams flow into 
three seas) 10,300 ft., Vogelsberg 
10,870 ft.; Furka Pass 8000 ft., 
pass of the Simplon, from Brieg to 
Domo D'Ossola, 6578 ft., of the 
Bernhardin 7115 ft. 

6. The Bhaetic Alps (J g) extend 
E. by the source and right bank 
of the Inn to Drei-herm-spitz in 
Tyrol, 160 miles. The name is 
tflJcen from that of an ancient peo- 
ple. Piz Morteratsch 12,316 ft., 
Ortler-spitz, on a S. offset range, 
12,852 ft., PizRoseg 12,936 ft., M. 
Disgrazia 12,060 ft., Piz Bemina 
13,294 ft., Drei-herm-spitz 10,122 
ft. ; pass of the Spliigen, between 
the Hinter-Rhine and the Adda, 
6814 ft., pass of the Stelvio 

road constructed in 1824, con- 

f; R«ka moontainji. nectinff the valleys of the Adda 
and Adige across the lofty neck of land joining 
the Ortler-spitz to the main range, and so opening 
a way N. into TVrol, 9174 ft., being the highest 
carriage road in Europe. West of this, near the 
Maloya Pass, is the village of Soglio, the highest 
in Europe, height 6714 ft. 

7. The iVonc Alps (g h) extend N.E 200 miles 
from Drei-herm-spitz towards Vienna — name from 
an ancient tribe and Roman province. From about 
20 miles K of the Gross Glockner, the chain begins 
to decline in height; yet at Neustadt, 30 miles S.E. 
of Vienna, is still 6950 ft. high in the Schneeberg. 
Eastwards the chain branches out, one branch ending 
in the Wienerberg near Vienna, the other uniting 
with the Bakony mountains N.W. of the Balaton 
Tava^ both branches thus approaching the Car- 
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q. Mount Dinara. 
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pathians, which here press close on the Danube. 
Gross Glockner 12,776 ft., Ober Wiesbachhom 1 1,518 
it, pass of Semmering, 30 m. N.R of Bruck, 3325 
ft., highest of Bakony range 2378 ft. 

li. Ofbet Chains. — 1. The Bernese Alps reach from 
the Galenstock, dominating the Rhone glacier, to 
Dent de Morcles W. of Martigny, 80 miles. This 
chain rivals the Pennine in the stupendous height 
and imposing forms of its majestic mountains. The 
glaciers and snow-fields encircling and isolating its 
lofty peaks unite on all sides, and form perhaps the 
most magnificent ice-field on the globe. At St. 
Maurice near Martigny, a gorge between Dent de 
Morcles and Dent du Midi, the width of the Rhone 
and the road, divides this chain from an, offset 
of the Pennine running from M. Blanc towards 
Lake Leman. Finster-aar-hom 14,026 ft., Jungfrau 
13,718 ft., Monch 13,498 ft., Eiger 13,075 ft., 
Schreckhom 13,386 ft., Viescherhom 13,321 ft., 
Wetterhom 12,210 ft, and 7 others above 11,000 
ft. ; the Brevent over Chamouni 8270 ft.. Dent du 
Midi 10,449 ft.. Dent de Morcles 9757 ft.; pass 
of the Gemmi 7560 ft., of the Grimsel 7200 ft. 

2. The Briinig and TiUis ranges run from the 
N. side of the St. Gothard group W . and N. towards 
Soleure, Lake Lucerne, and lake of Zurich. The 
Dodi and Scheibe ranges, on opposite sides of the 
river Linth, diverge from the same centre towards 
the Linth canal and Lake Wallenstadt; the latter is 
continued through Appenzell and St. Gall towards 
the lake of Constance. 3. From the Maloya Pass, a 
lonff chain stretches to the N.E. and £. on the left 
bai^ of the Inn, spreading out into the so-called 
Bavarian Alps, The Vorarlbei^ range diverges 
towards the S.E. angle of the lake of Constance, 
dividing the basins of the Lech and IlL The Alps 
of Algau, a branch of this latter, almost establish a 
junction with the plateau of Wiirtemberg, of which 
the Rauhe Alp is the eastern border. Principal 
heights, Sustenhom 11,627 ft., Titlis 10,620 ft.,- 
Un-Rothstock 10,106 ft., M. Pilatus 7080 ft., Dodi 
11,766 ft., Scheibe, in S.E. of Glarus, 9986 ft., Rigi 
5676 ft., Sentis (S.W. Appenzell) 8268 ft., Arlberg 
10,200 ft., Soktein, N. of Innsbruck, 9702 ft., 
Watzmann, near Kdnigsee, 9654 ft. 

4. The (Jamie Alps (m n) form an arch round the 
head of the Gulf of Venice, the apex being near the 
Drei-Schuster peak, dominating the upper Gailthal. 
Marmolato 11,749 ft., Cimon della Pala 11,100 ft., 
Drei-Schuster 10,375 ft. . 

5. Julian Alps, — These form a lofty group con- 
necting the last with M. Terglou, S. of wUch a long 
and high limestone plateau breaks the continuity; 
beyond this the mountain ridge, again resumed, has 
received the same designation; but Mr Ball (Eastern 
Alps, chap, xvii.) limits the name to the group near 
the Terglou. Towards Gradiska branches of this 
range come close to the Balkan. M. Terglou 9371 
ft., Schneeberg, 40 ni. E. of Trieste, 7457 ft., M. 
Kleck 6926 ft. 

6. The Dinaric Alps (p q) stretch S.E. from M. 
Kleck in the KapeOa rang(^ and unite with the 
range of Pindus or Grammes in Turkey, taking the 
name from M. Dinara £. of Zara. lliey unite also j 
eastwards with oflEiets of the BalkaOi which form I 



high plateaux with hill ranges near Yeni-bazaar and 
Pristina, themselves united to Pindus on the W., 
and on the S.E. to Rhodope or Despoto, an offset 
from the Balkan near Sopnia. The Pindus range 
runs into that of Othrys and N. Greece, which is 
continued in two branches, one ending in Cape 
Colonna, '^ Sunium's marbled steep," the other at 
the S. end of Micone, having toiversed Euboea, 
Andros, and Tinos. M. Dinara {q) 7458 ft., M. 
Plissivitza (45^ N.), 5742 ft. ; highest of Balkan, 
M. Scardus, near leni-bazaar, 9700 ft., average 
height K of this 3000 to 5500 fb. ; highest pomt of 
Rhodope 7800 ft. ; of M. Olympus, Thessaly, 9754 
ft ; of Pindus 9000 ft. ; of Greece, M. Guiona, near 
Salona, 8240 ft. ; of the Morea^ M. St. Elias (Tay- 
getus), near Sparta, 7829 ft. 

7. The Reka or Karorwanken Alps (r) stretch from 
M. Terglou K, and then S.E. between the rivers 
Save and Drave, declining to 4000, 3000, and 2000 
feet in height. 

8. The Apennines extend from the Col di Tenda 
R, and then S.K through the middle of Italy, and, 
interrupted only by the narrow Strait of Messina, 
are continued under the name of the Madonian 
Mountains due W. through Sicily. Vesuvius and 
Etna are volcanic excrescences quite cut off from 
these chains. Mean height 4300 ft. ; many summits 
6000 to 9000 ft.; highest point M. Comoor Gran 
Sasso, N.K of Aquila, 9544 ft., Madonian 7000 to 
9000 ft., Etna 10,874 ft., Vesuvius 3600 ft.— all 
under the line of perpetual snow. 

9. The Corsa-Sardinian chain has a manifest de- 
pendence on the maritime part of the Alpine system, 
and is a high rugged ridge rising in M. Rotondo, 
d'Oro, and Capella, in Corsica, to 8764 ft., 8698 ft., 
and 6750 ft. respectively, and in Sardinia to 5276 
ft. The highest points nourish perpetual snow, 
though lower than the Apennines, owing no doubt 
to the more moist climate. 

15. The Carpathians encircle Hungary and Tran- 
sylvania, and send off low ridges towards the Balkan 
at the Iron-gate, where the Danube forms a wild 
gor^e in the hills. They are in most parts a single 
cham with few longitudinal valleys, and consist 
chiefly of separate groups connected by high plateaux; 
the highest points range from 9912 (Ruska Poyana) 
to 8700 ft. (JBucsecs, near Kronstadt) : none of the 
summits have perpetual snow. They unite N.W. 
with the Sudetic mountains or Riesengebiree, which, 
with the almost continuous ranges of the Bohmerwald 
and the Erzgebirge, surround Bohemia on three sides; 
the two latter at their point of union form a connec- 
tion with the Fichtel-gebirge, whence ridges of high 
land extend S.W. towards Wiirtemberg, and N.W. 
to the Thuringerwald, which stretch towards the 
Harz ^n isolated mass) and the Teutoburger of 
N.W. Germany. 

16. The Ural and the BcandinATiaii ranges are 
entirely independent of the other mountain systems 
of the continent 

The Ural extends N. and S. firom the Orenburg 
Steppe to the Arctic Ocean through 1300 miles, or 
20^ of latitude. They have moderate slopes on 
the European side, and steep escaipments towards 
Siberia: mean height 2000 to 2500 ft.; highest point 
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(lat. 59« 30') 5720 ft. The Timan is sent off N.W. 
in lat. 62® towards the Arctic Ocean, height 1000 ft. ; 
and in lat. 65® the Obdorsk mountains Ts.K, greatest 
height 5286 ft. The chain is rich in metals, chiefly 
gold, and its vast forests are a source of great wealth. 

17. The Highlands of Scandinavia, from Cape 
Naze to lat. 61**, part of which go by the name of 
Dovrefeld, consist of vast plateaux of the average 
height of 4000 ft., and are very level through long 
distances. They have no distinct watershed, but 
are intersected almost to their centre by long deep 
narrow valleys proceeding from either side^ and the 
heads interlacing, so that a zis-zag course must be 
held along them to avoid the gullies. Isolated peaks, 
2000 ft. to 4000 ft. high, are set down on these 
barren table-lands; highest point Store-Galdhopig- 
gen, in the Ymeft-^eld, N. of Sogne fiord, 8400 ft. 
From lat. 61^ northwards, there is a fine mountain 
range called the Kjolen, with parallel ridges and 
spurs, which culminates in Sulitelma (lat. 67^°), 
6200 ft. high; towards the N. Cape it sinks to near 
2000 ft. Seaward and along the sides of the vast 
fiords, the coast ranges and spurs terminate in tre- 
mendous mural precipices, over which waterfalls 
discharge themselves; and there depend in many 
places the ends of great glaciers, fed by the vast 
snow-fields which overspread the higher peaks and 
plateaux. 

18. Plains. — The great plain of N. Europe, called 
the German and Sarmatian plain, extends from 
Dover Strait through the Netherlands, N. Germany, 
Denmark, the Bdtic provinces of Prussia, and 
expands widely eastward so as to embrace Poland 
and European Russia from the White Sea to the 
Euxine, where, passing round the S.E. flanks of the 
Carpathians, it becomes confluent at the delta of the 
Danube with the plain of the Principalities. Cut- 
ting off the Ural from the plateau of Ust Urt, between 
the Aral and Caspian Seas, it sweeps round E. and 
N., and comprehends much of Western Siberia. 
Throughout its entire western part, there is no 
greater height than 500 ft., and no rock in situ; 
vast transported rock-masses are found along the 
Baltic shores, spread over the surface of the sandy 
moorlands, wluch must have travelled from Scan- 
dinavia when the Baltic was filled with ice ; but in 
Bossia the Valdai hills vary the level in a low boss 
only 900 ft. high, across which, with a rise almost 
imperceptible, the railway from St. Petersburg to 
Moscow passes. Over the rest of Russia, as far as 
the Caucasus, there is spread out a great series of 
secondary rocks in honzontal strata, the heights 
which they reach scarcely ever passing above 200 



or 300 ft. The bottom of the shallow German Ocean 
and the eastern counties of England are prolonga- 
tions of this plain. 

Hungary contains a vast plain, monotonous as a 
waveless ocean, 350 miles long and 100 broad, and a 
lesser plain 100 miles long by 50 wide. The great 
plain of Lombardy, the desiccated bottom of a shal- 
low extension of the Adriatic, is 200 miles long by 
50 broad. It forms the most northern rice ground 
of Europe. — These features of the surface of Europe 
are represented in one of our sections, Plate VIII., 
Fig. 1. 

19. Fauna and Flora. — The vegetation of S. 
Europe is subtropical (Art. 9); here the dwarf-palm, 
cactus, banana, sugar-cane, the orange, lemon, citron, 
fig, almond, ana pomegranate are grown; rice 
reaches the Lombard plains, tobacco and maize the 
valley of the Rhine as far as latitude 49^ The 
limit of the vine is marked northward by a waving 
line, which crosses France from the mouth of the 
Loire, intersects the Rhine about the mouth of the 
Moselle, passes S. of the Harz forest and to the S. 
of Berlin, and then runs eastward nearly on the 
parallel of 50° N., till it enters Asia a little N. of 
the Aral Sea. North of this line is the region of 
the apple, pear, and other of our common fruits. 
The olive, walnut, melon, sweet chestnut, and mul- 
berry thrive best in the southern part of the middle 
zone of Europe; where also, and in the central 
parts, the most suitable conditions for the growth 
of wheat prevail — ^that of France alone is the source 
of enormous wealth; barley, oats, rye, hemp, flax, 
rape, and madder are more suitable to the northern 
tracts of the continent; and in the extreme north 
barley and oats alone can resist the rigour of the 
climate. The other classes of vegetation are extremely 
varied. — The Fauna is not so varied. Except a few 
large quadrupeds, as the buffalo in Italy, the camel 
in S.E. Russia, the bear, wild boar, wolf, lynx, 
marten, several antelopes, wild cat, and squirrel, in 
the middle, and in the north the elk, reindeer, 
polar bear, and blue fox, and one species of monkey 
at Gibraltar, indigenous species of this order are 
confined to a few small creatures. The lion existed 
in Scythia, that is, S. Russia, in the time of the 
Romans, and the beaver in Great Britain till a 
recent period. In prehistoric times, the reindeer 
inhabited the S. of France; and the elephant, hippo- 
potamus, rhinoceros, hyena, and several other quad- 
rupeds existed even in Great Britain, the camelopard 
in Greece, Sicily, and Malta. — The birds and reptiles 
are more abundant, but it is impossible to enter into 
any details concerning them. 
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20. Tus Burraco contours of lliis great continent, 
which are now to bo described, will be more clearly 
conceived of by a constant roftirenco to the two sec- 
tions which are jrivcn on Plato VTII., Figa. 2 and 3., 
one from N. to S., and another from E. to W. 

21 Central Plateas. — Asia has n great geographi- 
cal centre, to which all her mountain chiuns, with 
their dependent valleys and rivers, are related — 
ffuch a centre as we have seen to exist in Europe, 
but not found in the other continent*. Tliis centre 
is the small Pamir Steppe, or plateau, which divides 
Chinese Tartary from Turkestan, and whose southern 
part in the mountain knot of Taim-lin approaches 
the great bend of the Indus near Iskardo, This 
st«ppo is called by the natives Bam-i-duncah, or 
"Koof of the world." It contains several hJtea, 
the largest and most southern of which is Sic-i-kol — 
the source of the river Amu-Baria, or Oxns — the 
elevation of which above the sea level is 16,603 ft., 
and the height of the plateau generally approaches 
19,000 n. This makes it the highest plain on the 
surface of the globe. 

22. PiTorg^eut Chaina. — From this plateau the 
principal chains of the continent spring out. From 
its S.E. extremity the great chain of the Kuen-lun 
or Karakorum mountains extends eastwards, and 
is continued in the same direction, and then N.E. 
to the Amur river by the chains of Nan-shan, 
In-sban, and Khtngatij from the same point tho 



Himalaya extend S.E. along the borders of India, 
thereafter their course has not been traced; but 
there seems no doubt that the chains of Yunnan 
and Southern China take their character from them. 
From the northern edge of the plateau there pro- 
ceed, eastward, tho ^eat chain of the Thian-Snan 
or Celestial mountains, in tho direction of Lake 
Baikal; northward and then N,E., tho Bolor and 
Altai mountains ; the latter, near Lake B^al, unites 
with the ThJan-Shan, and the axis is continued, 
under the name of the Yablonoi and Stauovoi mouo- 
taing, by the northern shores of the sea of Okhotsk 
to Bchring Strait ; to this latter the much loftier 
chains of Kamtschatka seem to be spurs. The three 
chains, Himalaya, Kuen-lun, and Thian-Shan, «ro 
much the loftiest chaias on the surface of the globe. 
Many of the summits pass 25,000 ft., and not a few 
reach beyond 28,000 ft. ; the great mtyority may be 
said to vary from 15,000 to 25,000 ft Tho higbest 
on the continent, and the highest mount^n on the 
globe, is Deodhunga, or Gaurisankar, in the Him*- 
uya, elevation 29,U02 ft. — Tengri Khan, the highest 
of tho Thian-Shan, is 21,000 ft. in height. The 
Altai, on the other hand, standing like a huge wall 
over the Siberian plain, and but a buttress to t]i« 
Thian-Shan, nowhere passes 15,000 ft., and the 
heights may be said to range from 6000 to 11,00011. 
Between the Altai and the Thian-Shan there does 
Bot axist, aa was once supposed, a Iiigh connecting 
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plateau ; the country is really cut deeply down by 
separating vaUeys, so that Lake Balkash is little 
more than 1000 ft. above the sea ; while the Issil- 
kul lake, in the western valleys of the Thian-Shan, 
is only 5300 ft. above the sea ; the bottoms of the 
valleys generally range from 1700 to 3000 or 4000 
ft. only. — ^Turning now to the western side of the 
l^^at central plateau, we have the Thian-Shan con- 
tinued westwards in a short chain bearing the 
names of Alai and Kurata mountains, which sink 
rapidly down into the Turan plain of Turkestan. 
From the S.W. angle of the great steppe, the great 
chain of the Hindoo-Coosh, or Indian Caucasus, 
proceeds due W. along the N. of Khorassan and 
Persia to the southern shores of the Caspian, where 
it SDreads out into broken lofty ridges in the High- 
lanos of Armenia. The heights are not very accu- 
rately ascertained, but may be stated generally to 
range fix)m 12,000 to 21,000 feet— the volcano of 
Demavend, on the south shore of the Caspian, and 
a landmark for sailors far and wide over that sea, 
has a height of 21,500 ft. From the same S.W. 
angle of we steppe, a continuous high chain is sent 
off S.W. along the N.W. frontier of India, W. of 
the Indus, under the names of Sufeid-koh, Suleiman, 
and Hala mountains, to near the shores of the sea of 
Oman, W. of Kurrachee ; the heights range gener- 
ally from 5000 to 10,000 feet, the highest moun- 
tain, Tahkti-Suleiman, "the throne of Solomon," 
being 11,301 feet in height. The continuity of the 
high land is now maintained from the neighbourhood 
of Kurrachee, along the S. of Beloochistan, the 
shores of the Persian Gulf, and the frontiers of 
Mesopotamia, to the cataracts of the Euphrates, in 
latw 36^ Ion. 38^, in a great chain bearing various 
local names, but which is best distinguished by the 
old Greek name of Zagros. The heights of this 
great chain vary from 7000, 8000, and 10,000, to 
15,000 and 17,000 ft. ; and these great heights, bor- 
dering the land where the first fathers settled after 
the deluge, are built up of vast masses of oolitic, 
cretaceous, and tertiary strata, abounding in fossils. 
The plains of Mesopotamia, on which they look 
down, are covered with deposits of rich river mud, 
overlying a deep deposit of sandy limestone, which 
contains in abundance remains of shells of the same 
species as now inhabit the Persian Gulf. From the 
head of this gulf, the deposit extends 300 miles 
inland; and here the lieutenant of Nimrod placed 
the foundations, below the river mud, of the first 
cities, Nineveh, Behoboth, Calah, and Eesen — a case 
of the contact of geology and history of no small 
significance. The Zagros chain presses nowhere very 
dose upon the sea; and thus a maritime belt is 
left all the way from Kurrachee to the mouth of the 
Euphrates admirably adapted for railway construc- 
tion. 

From the cataracts of the Euphrates westwards 
to the shores of the sea of Marmora, the prolonga- 
tion of the Zagros chain still bears the name of 
Taorufl given by the ancients. At the ''Cilician 
j^ates,'' near Tarsus, it gives off a great spur, travers- 
mg Syria and Palestine, the Arabian Desert as far 
as the head of the Bed Sea, and apparently inoscu- 
lating with the mountains of Arabia^ though here 



definite information is wanting. The Anti-Taurus 
is a great counterfort to the Taurus, and coalesces 
with the mountain region of N.W. Armenia; and 
from these there passes off westwards, along the 
southern shores of the Black Sea, a chain of less 
elevation, but still reaching from 3000 to 6000 ft. — 
this is the Laxian chain of the Greeks. Between 
this chain and the Taurus, Asia Minor is a mass of 
irregular mountain ridges, deep valleys, and small 
plateaux. This structure, developed to the sea- 
shores, renders the country utterly unfit for the con- 
struction of railways; but on the south side of the 
Zagros chain, from Antioch to the Persian Gulf, the 
country is perfectly adapted for this purpose. The 
mountains of Asia Minor range from 8000 to 
10,000 ft., but a few reach 1000 to 2000 feet higher; 
highest, Argish {Argmis), N. of Tarsus, 13,100 ft. 
Lebanon and Anti-Lebanon, divided by the great 
valley of Ccelo-Syria, or " Hamath," are S. spurs of the 
Taurus, and reach to 9000 and 10,000 ft. in altitude. 

The Caucasus does not seem to have a direct 
connection with any other chain, but offsets from 
it, between the sources of the Kur and Bion, effect 
a junction \Y\\h the chains of Asia Minor. At the 
mouth of the Kur and Aras, a plain of 150 miles 
long separates it from the Paropamisan branch of 
the Hindoo-Coosh, at the S.W. .angle of the Cas- 
pian ; the true prolongation of this chain being one 
from 4000 to 6000 ft. high, which runs into those of 
Armenia and Asia Minor, by the sources of the 
E. Euphrates, north of Lake Erivan. M. Elburz, 
the highest summit, has an elevation of 18,498 ft. 
This chain has a remarkable conformation — very 
unlike that of any other, except perhaps the Alps 
of Abyssinia. It ascends from the northern steppes 
by a series of inclined plains, rising in terraces one 
over another to the height of 9000 to 12,000 ft., 
and rent in all directions by deep narrow valleys or 
vertical clefts, which render the higher uplands 
most difficult of access. Over the whole range 
vegetation is extremely vigorous, and profusely rich, 
at very great heights. Cereals grow well at 8300 ft., 
and yield excellent crops at 7000 ft. Hence the 
upland plains can support a large population with 
numerous flocks and herds. On the S. side, the 
mountains fall away with more numerous ridges and 
gentler slopes. The Tchatir-Dagh range of the S. 
Crimea is on the prolongation of the Caucasian 
axis, but 100 miles distant. 

23. Minor Chains. — Of the minor chains of this 
great continent, some are mere offsets to the grand 
axial ridges, others fan-shaped, divergent prolonga- 
tions. Of the former kind are those of Birmah, 
Malaya, Siam, and Annam ; of the latter, the vari- 
ous ranges of China proper. Of those of India, two 
at least have a certain dependence on the Himalaya : 
the Khasia, reaching from 5000 to 7000 ft, wluch 
enters from the N. of Birmah, and, interrupted for 
140 miles by the valley of the Ganges, is continued 
across the country under the name of Vindhya^ 
elevation 3000 ft., to which the Satpoora, also 
3000 ft., is but a buttress — the two determining the 
breadth of the peninsula; and, second, the Arrawulli 
range, parting S.W. from the Himalaya, dividing 
the basins of the Indus and Ganges, and in its S, 
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part reaching 6200 ft The W. Ghauts may be 
regarded as ahnost a prolongation of this range, 
though there is a slight bend in the axis, and an 
interruption to the continuity through a short space. 
In Arabia the mountain ranges do not appear to 
have any dependence upon the chains we have 
described; wnile those of Eastern Siberia are no 
doubt connected either as offset chains or as parallel 
ranges of contemporaneous formation, with the main 
axis ending at Behring Strait^ and facing the great 
terminal ranees of the vast mountain S3rstem of N. 
America. ML the large islands of the Indian Archi- 
pelago are traversed in their greatest length by high 
ranges; but they do not appear to have any depend- 
ence on the continental chams. 

24. Plateaux and Passes. — ^The most magnificent 
system of table-lands on the surface of the globe is 
immediately dependent upon the great ranges above 
described. The elevated region in question embraces 
Chinese Tartary and Tibet, the whole of Afghanistan, 
Beloochistan, and Persia, and .the greater part of 
Armenia and Asiatic Turkey; and the ranges we 
have noticed are but the boundaries of the plateaux. 
That of Chinese Tartary is the largest — it is con- 
tained between the Thian-Shan and Kuen-lun, and 
reaches the height of 5000 to 10,000 feet in its 
western part; in the eastern it declines to 4000 
and 3000 feet. The plateau of Tibet, on the 
southern side of the Kuen-lun, varies from 11,000 
to 13,000 feet along the course of the Brahmapootra, 
as far as its great western bend, and inland reaches 
15,000 feet. If, as is usually represented to us, the 
whole of this country is indeed a plateau of this 
hei^ht^ it will be by &r the most extensive elevated 
plain upon the globe. In regard to the heights 
upon the river there can be no doubt^ as they are 
firom recent siirveys of English officers; and it is 
truly wonderful to find a river of the first-class actu- 
ally navigated at such vast altitudes. The Yung- 
linff chain of W. China is little else than the eastern 
waU of this great plateau, from whose edge a few 
peaks rise from 5000 to 10,000 ft. higher. The 
Himalayan ranges are its boundary towards India. 
In Afghanistan, the plateau reaches a ceneral height 
of 7000 ft ; on level plains at this height are situated 
several cities, as Cabul, Jellalabad, Ghiznee, and 
Candahar. To these there reach up through a 
gradual ascent but two practicable passes from the 
plains of India, across the Sufeid-Koh and Suleiman 
ranges — those, namely, of Khyber and Bolan, 40 
miles long, and so narrow in some places that the 
burdens must be removed from the backs of camels 
to enable them to get through. Down the most 
northern of these, the Khyber Pass, idl the con- 
querors of India before the British, except Tamer- 
lane, entered the country. If both passes were now 
properly defended, the country would be unassail- 
able except by sea. From Afghanistan northwards 
into the plains of Turkestan, there are sevend passes 
— Khawak, the highest, in Ion. 70"", 100 m. KK of 
Cabuly that by which Tamerlane entered, is 13,000 
ft. hifi;h; the Bamean, the lowest^ 80 m. N.N.W. 
of Cabuly the only one practicable for artillery, is 
8496 ft. high. The Bussian outposts are now little 
more than 200 miles from this pass. 



The plateau now declines westward, the table- 
land of Iran, comprehending Khorassan, Persia, 
and the southern parts of Beloochistan, being only 
from 4000 to 2500 ft. in elevation ; its outer barriers 
are the Paropamisan chain on the N., and the Zagros 
on Uie S. Through these the passes are not difficult. 
The narrow central plateau of Armenia, against 
whose opposite sides the wide plains of Mesopotamia 
and of the S. W. shores of the Caspian press closely, 
which holds the great lakes of Van and Urumiim, 
and contains the roots of the huge mass of Ararat, 
varies in elevation from 4200 to 5500 ft. Towards 
the sources of the western branch of the Euphrates 
it reaches 7000 ft., and hero the winter b so severe 
that the inhabitants retreat into cellar-dwellings. 
Mr Curzon tells us that the cold is so intense at 
this season, that when the door of one of these cellar- 
dwellings is opened, the moisture rushing out is 
instantly frozen, and &lls as a fine snow-shower ! 

The small discontinuous plateaux into which Asia 
Minor is broken up by the irregular cross ridges and 
deep valleys (Art. 22^ which traverse the country 
between the two maritime ranges, vary in height 
from 3000 to 6000 ft. On the west, around the 
bases of Oljrmpus and Ida, the country sinks down 
into the plains of Troy and the level shores of the 
Propontis. 

Arabia is said to form at least two plateaux, 
the heights of which vary from 3000 to 4000 ft., 
but definite information is wanting in regard to them. 
South India forms a small true plateau, bounded £. 
and W. by the Ghauts, N. and S. by the Satpoora 
and Kilgherry hills, and N.E. by the Balasore range; 
the greater part is of the average height of 2000 ft.; 
a small part, called the Mysore, at the back of the 
Nilghemes, is 4000 ft. high. — The country between 
the Caspian and Aral Seas, called the Ust Urt, 
forms a low irregular plateau nowhere exceeding 
731 ft. in height 

25. Plains. — ^The country of Turkestan is an 
irregular plain, mostly barren, and destitute of fresh 
water, except in the basins of its rivers. Tlie 
basins of tne Ganges and Indus are extensive 
plains ; that of the Ganges, 800 miles long by 200 
broad, is rich and fertile : the plain of the Indus^ 500 
miles by 160, mostly desert The vast plain of East 
China, 700 miles by 500, is formed by the widening 
out and confluence of the valleys of the two great 
rivers as they approach the sea. It is a complete 
network of canals and rivers. The great .^t:tic 
slope or Siberian plain is the most extensive and 
remarkable of the continent Westward it becomes 
confluent with the European plain. From the ocean it 
rises southward by an imperceptible slope, till it 
attains, along the base of the Altai, a height of 1200 
ft K of the meridian of Irkutsk, it beeves broken 
by hill ranges, and irregular in outline. The northern 
part is a hopeless waste; the central pvt produces 
grass, stunted shrubs, a few trees, and, in finvoured 
spots, cereal crops and vegetables ; the southern part 
has dense forests of vast extent^ interspersed with 
wide glades of productive land. Everywhere over 
the norUiem and central parts, as far at least as 600 
miles from the Arctic shores, inmiediately below the 
surfiEioe frozen soil is met withi and the borings ahew 
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an alternation of coarse and fine detritus, layers of 
wood and peat, and skeletons of animals — sometimes 
the bodies preserved entire with the hair, flesh, and 
even the eye-baUs undecomposed. These are brought 
to light when- the banks of the rivers, undermined 
by floods, fall in. The wild dogs then collect in 
crowds to devour the flesh. The frozen soil has 
been pierced to the depth of 400 ft. without being 
passed through; and it probably continues to extend 
downwards till it is melted by the internal heat of 
the Earth. The chief animal remains are those of 
the mammoth {Elephas prirrUgenitts) and a rhinoceros 
(B. TichorMnus), They belong to two extinct species, 
and so wholly unaltered is the ivory that jelly, like 
that prepared from the gelatine of recent bones, has 
been made from the shavings thrown off by tho 
turning-lathe. So abundant are the remains, tliat 
tho "fossil ivory" is an important article of trade. 
This wide dispersion, the covering of long hair, and 
the teeth, adapted for the mastication of shrubs and 
plants (unlike those of living elephants), shew that 
the mammoth inhabited the region, having a perma- 
nent abode in the southern districts, and wandering 
down N. to lat. 60? in search of food in the hot 
summer months. This explanation is strengthened 
by the fact, that a small species of elephant now 
inhabits the mountains of Nepaul, and has a hairy 
coat, which enables it to resist the rigour of the 
winter's cold. The extinction of the mammoths was 
probably caused by a great refrigeration of climate, 
brought on by a general elevation of the land along 
the border of the Arctic Ocean, from the Bothnian 
Gulf to Behring's Strait, of which there is inde- 
pendent evidence. 

^ Towards the head waters of the great Siberian 
rivers, the summer thaws occur long before the snow 
and ice are melted at their mouths. Unable to 
escape by their own channels, the waters accumu- 
late and spread far and wide in sweeping floods. 
Thus vast quantities of detritus, trees, and bodies of 
animaU are borne away by the powerful currents, 
and spread out over the soil not yet thawed in 
stratified deposits of gravel, sand, mud, and vege- 
table matter, resembling the coal measures of 
Europe. When at last the sea and river mouths 
are freed frt>m ice, part of these detrital matters are 
iSarried seaward by the floods, and deposited along 
the shores of the remotest part of land. Thus, no 
doubt^ have the animal remains been so widely 
dispersed, finding their last resting-place even on tlic 
far-off shores of New Siberia. Here they are asso- 
ciated with great quantities of drift timber, are 
collected by the hunters during winter, and brought 
over on sledges before the sea is open. They are 
found as high up as 270 ft., which is also the height 
of Yakutsk, though 600 miles inland; and it is hence 
obvious that the troubled waters in which the 
leroains were transported, must have extended to 
thii distance up the Lena valley. The frozen 
stratum of Yakutsk, 400 ft. deep, is 130 ft. below 
Bea4evel, yet it was no doubt once near the surface, 
when the old sea-line was somewhere in this 
latitude. 

M. ])epreiti02l8« — Two great depressions occur in 
Am, to which there is nothing else like on the 



surface of the globe. The deepest of these compre- 
hends the entire valley of the Jordan in Palestine 
and the basin of the Dead Sea. The singular struc- 
ture of this region is illustrated by two of our 
sections, Plato IX., Figs. 3 and 4— one in the 
direction of the depression, and the other transverse 
to it. Section No. 4 passes from the Mediterranean 
through Jerusalem to tho mountains of Moab. East- 
wards from Joppa, the maritime plain, or plain of 
Sharon, has its first marked rise near El Kub^b, 
whence the country swells rapidly upwards into tlie 
central plateau, which stretches N. and S., with 
unbroken continuity, from Carmel and the plain of 
Esdraelon or Jezreel to the south of Hebron. Its 
surface at Jerusalem is 2400 ft. above the Mediter- 
ranean ; the Mount of Olives is 300 ft. higher ; and 
thence by Bethany, at the back of the Mount, the 
country descends rapidly, by terraces and slopes, to 
the Dead Sea, which is 1298 ft. below the Mediter- 
ranean, and therefore 3698 ft. lower than Jerusalem, 
and 3998 ft. lower than the top of Olivet. The 
summit of the gorge by which "the brook Kedron" 
discharges its waters is 1200 ft. above the lake. 
From its eastern shores the mountains of Moab 
spring suddenly up to the height of nearly 3000 ft 
North of these, and E. of tho Jordan, the plateau 
of Haurau or Bashan stretches to the base of Her- 
mon, which is 10,000 ft. in height. This high 
range is prolonged N. in the Anti-Lebanon.— 
Section No. 3 is in the direction of the depression, 
which extends from the base of Herraon to a 
considerable distance S. of the Dead Sea, through 
a wide level tract called El Ghor. From the S. 
slopes of Hermon the country falls rapidly, so that 
the head of the plain N. of lake Merom is only 500 ft. 
above the sea level. The "waters of Merom" are 
only 50 ft. above sea level. Thence southwards the 
depression rapidly increases to the sea of Tiberias, 
which is 652 ft. below the Mediterranean. Thence 
to the Dead Sea^ tho Jordan has a fall of 646 ft. 
in about 60 miles of direct distance, but [of 160 
miles reckoning the windings, with a current vary- 
ing from 2 to 5 miles per hour, not reckoning the 
rapids, which are numerous. From the southern 
extremity of El Ghor, 97 ft. below the Mediter- 
ranean, the country rises towards the Bed Sea 
through the Wady-el-Arabah to a maximum level 
in the middle, at the water-parting, of 525 fl. ; 
thence there is a gradual descent to Akaba or Ezion- 
geber, at the head of the N. fork of the lied Sea. 
There is thus a difference in level between this 
water-parting and the Dead Sea of 1823 ft. ; while 
the summit level between Acre and the sea of 
Tiberias is 1950 ft., so that, if the valley were filled 
with water, the discharge would be by the Red 
Sea. But there is no evidence that the Jordan ever 
discharged in this direction. In time past, as now, 
the great evaporation in this deep, sheltered, and 
hot valley, has been sufficient to dissipate all the 
fresh water, and to preserve to the "sea of the 
plain" the character of the "Salt Sea." To explain 
the existence of this deep crevasse, the most pro- 
found on the surface of the globe, there is no need to 
call in the aid of an earthquake. There is no allusion 
in the sacred narrative to the occurrence of anything 
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remarkable from the parting of the patriarch with 
the heavenly visitant^ till the time when, in the 
early dawn, he looked down from the heights of 
Hebron upon the burning plain. The striking 
aspects of the country were no doubt impressed 
upon it at the time of the elevation of the great 
mountain axis, limiting on the west the Syrian and 
Arabian deserts, and the plateau of Hauran. 

The water of the Dead Sea is incapable of dissolv- 
ing any more salt^ that is, it is saturated with salt; 
and it contains no life, animal or vegetable; the 
powerful microscopes of Ehrenberg detected only 
certain fresh-water infusoria, plainly derived from 
the Jordan. We know of at least four other lakes 
thus saturated with salt and without any form of 
life — Urumiah in Persia, Tuz Gol in Asia Minor, 
Elton in S. Russia, and the great Salt Lake in North 
America. 

The Caspian Sea is the lowest portion of a much 
wider but less deep depression. The surface is 83 ft. 
6 in. below the Euzine, that is, the mouth of the 
Volga is by so much lower than the mouth of the 
Don. The Aral Sea is 36 ft. above the Euxine, and 
therefore 119^ ft. above the Caspian. Over a vast 
area conterminous with the present Caspian, there is 
spread out a deposit of sandy limestone filled with 
shells, such as now inhabit Uie Caspian, and quite 
unlike any fossil assemblage in other parts of the 
globe. This deposit has been called by Sir R. 
Murchison the Aralo-Caspian limestone. It rests 
on tertiaiy strata containing true oceanic forms; 
hence the oceau had access to the area just before 
this limestone was thrown down. Now, in a few 
places on the western borders, a mixture occurs of 
marine and brackish-water forms; and it is hence 
inferred that a connection with the ocean took place 
to the westward of the present Caspian. The limits 
of the area of the former Caspian are perfectly de- 
fined by Una limestone with its fossils. It embraced 
the area of the present Euxine, Azof, Caspian, and 
Aral Seas ; it occupied the great plain of Turan 
towards the Paropamisus and West Altai; it pro- 
jected great bays and ^ulfs into Siberia almost as 
far as Tobolsk, and in Russia as far as Nizni-Nov- 
fforod; whence S.E. and S. for 1000 miles, its W. 
boundary was formed by the high right bank of the 
Volga, which rises frt>m 200 to 400 ft. above the 
left bank — the extreme S.W. limit reached to the 
great bend of the Danube at Rassova. The area so 
mnited was about three times the size of the present 
Caspian. A separation frt>m the ocean seems first 
to have taken place on the S.W. border, where the 
mixture of fossil species occurs, the hardy marine 
creatures having continued to exist for a time with 
their brackish-water associates. At a later period. 
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(b), the Caspian (c) still continuing united to the 
Azof Sea and the Euxine. That a discharge took 
place westward by the Bitter lakes and clumnel of 
the Manitch river into the sea of Azof seems highly 
probable. Floods from the Don ascend this channel 
150 miles; through the remaining 200, up towards 
the Bitter lakes, scarped heights on both sides, with 
salient and re-entrant angles, at a level independent 
of the existing stream, seem to shew an old channel 
of discharge. The strait or point of discharge fixed 
upon is 70 miles from the Caspian, and 80 ft. 
above the sea of Azof, that is, 163j^ ft. above the 
present Caspian. If the Caspian again stood at 
that height, its area would nearly reach the old 
limits. From such a height, at least, it has shrunk 
to its present dimensions ; but there is no evidence 
that uie desiccation b still going on. The 
processes of waste and supply have attained to an 
equilibriunL 

26*. Climate. — The surface contours above de- 
scribed influence the climate, the productions, and 
the relations of the people in a remarkable degree. 
The central mass of high land interferes with Uie 
aerial currents and the distribution of heat and 
moisture. The warm currents from the south and 
the cold from the north cannot efiect an inter- 
change; both are alike arrested, and deflected back 
across the countries whence they came; and thus 
the heat on the south side of the great barrier, and 
the cold on the north, are both exaggerated. The 
warm winds from the Indian Ocean d^xMit much of 
their mobture on the low outer chains against which 
they first impinge. These are clothed with luxu- 
riant forests and a prolific vegetation, while the 
inner and loftier chains are bare of trees, and the 
high plateaux and northern plains are almost with- 
out wood. Hence arise the extremes of tempera- 
ture, and the wondrous contrasts of vegetation, on 
opposite sides of the continent 

The food, the dress, the dwellings, and general 
social state of the Asiatic tribes, are afiected by 
these conditions. Many of Uiem are thus placed 
bejTond all contact with those civilizing influenoes 
which have developed the resources and moulded 
the character of tixe other nations of this great 
continent 
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27. Xoustaiii Centre.— Africa differa in its physical 
Btnicture from nil the continents cxcciit Australia. 
It has hi^h mountains along its homers, and an 
interior without continuous ranges, and only moder- 
ately elevated in some parts. Tlie two bordcrin" 
ranges liavo a common origin in a mass of high land 
which occupies the whole breadth of the continent 
in its most southern i>art. Here, from a maritime 
border 8 to 30 miies wide, the land rises northward 
in three terraces successively higher, and each 
bordered by a range of mountains running E. and 
W. Narrow gorges, or "kloofs," in these, form the 
passes from terrace to terrace. Tho third tcrraco 
or Great Karroo, has a mean height of 3000 tt., 
and the Nieuweld range bounding it on the N. is the 
loftiest of S. Africa, and is generally snow-clad — 
highest point Spitzkop or Compassberg 8500 ft. 
North of this great range there is a broken country 
as far aa the Orange river, having a general height 
of 3500 ft,, but rising to near 4000 ft where it backs 
up against the coast ranges. North of the Orange 
nver the great Kalihiui desert stretches 1000 
miles N. to the parallel of IS" S., with a width 
of 300 miles. It has a general level of 3000 ft., 
is broken by low ranges of hills, and is in parts 
covered by tushes, hut without water except after 
thunderstorms. Ttua structun.' is illustrated hy the 
annexed cut (Fig. 17). Herein Africa differs from 
Anatralia, which is veiy broad along the south, and 



Ims no elevated mass of land connecting its coast 



ranges — these, indeed, are widely Bcparated by the 
great Australian Bight on the H., and Carpentaria 
Gulf on the N. 

28. East Coast Range. — Bending round from 
parallelism to tho S. coast, the great chain of S. 
Africa turns N.E. and fiirms a magnificent back- 
ground to Caffraria and Xatal, as far as the banks 
of tho Limpopo river. Here It bears the name of 
Kathlamba or Drakenl>erg mountains, and rises in 
some points as high as 10,000 ft. Broken through 
by this river the range is resumed under the name 
of Matoppo, an irregular group reaching to the 
Zambezi, on the north side of which, towards Lake 
Nyassa, the range has tlie four peaks of Morumhala, 
Clarendon, Milanje, and Zomba, respectively 4000, 
6000, 8000, and 7000 ft. in height. Thence the 
chain is continued in broad i>arallel ranges as far 
as the Equator, near which are the two highest 
mountains yet discovered in AfricT, Kilimanjaro 
and Ktnia, 20,000 and 18,000 ft. in height, and 
permanently snow-clad. Nortliwards through 5 or 
6 degrees of latitude information fails us till we 
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reach a soiithcm tongiic of the great plateau of 
Abyssinia, where we are again on known ground. 
But there can be no doubt that through this space 
the chain is continuous. 

The plateau of Abyssinia is in the form of a 
triangle, with the base to the N. and apex south- 
wards ; its general height is 7000 ft., above which 
the mountains rise 6000 to 8000 feet more; highest 
point Abba-jared 15,000 ft. The eastern edge is 
more elevated than the western, as shewn in the 
fall of the Nile tributaries ; and as the country is 
subject to tremendous floods in the wet season 
(June till October^, and the strata are soft, gorges 
1000 fb. deep, witn perpendicular sides, have b^n 
cut into the plateau ; while, by the rains alone, or by 
streams at former levels, the surface is cut up into 
isolated hills and ridges of fantastic forms, and of 
most difficult approach, having in many cases the 
appearance of fortresses reared by the hand of man. 
The eastern edge of the plateau, unbroken by a 
stream on account of the slope being directed W., 
is uniform and steep towams the Red Sea and 
Somauli country, from the north of Abyssinia 
the great . coast range is continued without inter- 
ruption on the K of ike Nile through Nubia and 
Egypt, rising in many places as high as 5000 to 
6000 feet, and terminating in the Mokattem range, 
on whose declining ridges, ere they drop into the 
Suez Desert, part of the city of Cairo b built 

22. West Coast Bange. — Returning now to the 
great mountain centre of the south, we find that as 
on the east so on the west, it gives rise to a con- 
siderable chain, which parts from the Nieuweld 
range, and at first in two parallel ridges, after in 
but a single chain, continues its course along the 
Atlantic coast as far N. as lat 5"" N., where the 
Quorra (Niger) issues towards the Bight of Biafra. 
In lat 20" to 23"" S. there are some high peaks, as 
Oniatako 8750 ft. ; but from the parallel of 15** S. 
the liigh border retires inland, and the coast, as in 
Benguela, is low and marshy. High ranges, how- 
ever, as the Talla Mogango and Mosamba mountains, 
border the inland pliuns, and give origin to many 
feeders of the Congo. North of this river the Sierra 
Complide forms a continuous range not far from 
the coast) and terminates near Calabar in tiie lofty 
group of the Cameroon mountains, which reach an 
extreme height of 13,700 ft Tliis group seems to 
send offsets towards Lake Tsad, near the centre of 
the continent, where the Alantika and Mindiff peaks 
rise to 9000 and 8000 ft. ; but little is known of 
the relations of these groups. — ^Westwards, the lof^ 
isles of Fernando Po and St. Thomas, respectively 
11,040 and 7000 ft in height, have a manifest 
dependence on the Cameroon group. From the W. 
bank of the Quorra in Ion. 7* E. to Ion. 11* W., the 
coast range is continuous under the name of the 
Kong mountains, but the elevation does not pass 
3000 ft — offsets to the south give a rocky character 
to the coast through a space of 1000 miles. In 
11* N.^ and IT W., in bending round N., a 
mountain-knot is formed, and a great river centre, 
unique in respect of its nearness to the coast 
Here plains 300 miles wide, and reaching through 
10* of latitude, separate the range from the Atlantic 



on the west. Tliesc lie under a climate the niubt 
humid and hot on the surface of the globe, and they 
are in consequence overspread by a vegetation of 
unrivalled luxuriance. East of these plains low 
offsets of the Kong range dip into the margin of the 
great Sahara, all tnu^ of a coast range vanisli, 
and the western boundary of the vast desert is 
formed throughout its whole extent by the margin 
of the ocean, mto whose shoaling waters the driftiug 
sands are carried far seaward by the violent east 
winds. 

30. System of the Atlas.— In lat 30* N. the chain 
of the Atlas springs suddenly up on the N.W. con- 
fines of the desert, and extends through 1500 miles 
of longitude along the N. coast of the continent, 
with a breadth of 300 miles. The chain proper ter- 
minates on the sea-coast of Tunis ; but lower offset 
heights extend S.K along the coast of the great 
Syrtis, rising in the plateau of Barca to 1500 ft., 
with a breadth inland of 200 miles. This high 
ground melts away southward to the desert, and 
eastward into the level plains near the mouth of the 
Nile, where it sinks to a few hundred feet and nar- 
rows to 70 miles. 

The Atlas consists of two main ranges, the outer 
or Little Atlas, and the inner or Great Atlas, in 
some parts connected by counterforts enclosing wide 
basins, in others separated by longitudinal valleys 
of great extent The northern offsets enclose be- 
tween them fine arable tracts called the Tell, in 
many parts forming by their coalescence wide plains 
bordenng the Mediterranean. The inland heights 
are mostly pasture plateaux; and the inner range 
abounds in rich woods of the cork tree, oak, pine, 
poplar, olive, &c., the abode of the lion and panther. 
The highest summit, Miltsin, is at the extreme S.W., 
27 miles S.E. of Morocco, elevation 11,760 ft.; 
Aouress, S. W. of Tunis, is 7583 ft. in height S.W. 
of this mountain there is a wide region running 
westward from the coast, depressed 150 to 200 ft 
below the sea-level, the basin of a dried-up gulf, 
connected by a strait to the gulf of Khabs, and 
indicated on our map by dotted lines (Shott Kebir, 
&c.) On either side of the old strait the mountains 
rise from 3000 to 6000 ft. None of the AUas moun- 
tains are permanently snow-clad. A counterfort from 
the outer range is given off towards Gibraltar Strait 

3L Plains.^ — Much of the interior of Africa is yet 
unknown to us; in regard to most of it our informa- 
tion b scanty. North of the Kalihari desert^ from 
the parallel of lake Ngami to a distance of 700 miles, 
there are open grassy plains on about the same level 
as the desert, and across which many tributaries of 
the great Zambezi wander feebly ; and on which, in 
the heart of the continent, the head waters of this 
river and those of the Congo have, according to 
Livingstone, a common source in marshy tracts 
flooded in the wet season — a singular structure, in 
virtue of which, were it not for the great falls on the 
Zambezi, a small vessel could, at this season, actually 
sail across the continent from the Indian Ocean to 
the Atlantic, by ascending the one river and descend- 
ing the other. The plams increase in height west- 
wards. The town of Shesheke, at the mouth of the 
Niokoy is 2842 ft above Uie sea; linyanti, at the 8. 
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elbow of the Ghobe, 3520 ft. ; Lake Dilolo, near the 
strange water-parting, 4700 ft.; E. and N.R the 
country falls away in general, level, points upon the 
river, as at KsSne ana Loangwa, beins a little less 
than 1000 ft ; lake Nyassa, 1522 ft. ; lake Shirwa, 
2000 ft Whatever may be the general level of the 
region west of Nyassa, we know from the latest dis- 
covery of Dr. Livingstone, that it is dominated by a 
higher country to the north. From the plain of the 
Leeambye, or upper Zambezi, the edge of this high 
country is seen as a mountain range trending nearly 
K and W. ; and on ascending to it the traveller finds 
himself to be upon a wide irregular plateau, 3000 to 
6000 ft above the Zambezi plain, having like 
Abyssinia its eastern edge higher than its western, 
so that its waters are thrown off W. and N. This 
plateau has a high range on its east side, has much 
foresty and towards its western part a series of lakes 
approximately represented on our map. On this 
plateau somewhere the source of the Nile must lie, 
not fiftrther S. than lat 1 1° S., since this parallel marks 
the southern boundary of the plateau. The after 
course of the great river, till it issues from the 
Albert Nyanza lake discovered by Baker, is still 
unknown to us (Feb., 1871). The general level of 
the plateau must fall rapidly norUiwards if the 
heights given for the great lakes are correct : Victoria 
Nyanza, 3300 ft; Tanganyika, 2800 ft.; Albert 
Nyanza, 2500 ft. In the vicinity of these there are 
several high mountains : a group W. of the Albert 
lake was estimated by Baker at 10,000 ft. — Of the 
counter W. and N., from 5° S. to 10° N. and 20^ in 
bread w, we know almost nothing; but there can be 
no doubt that the high plains, thus far continuous 
from Cape Colony, now sink down into the low and 
level tracts of Soudan, near the centre of which ,is 
placed the great lake Tsad, elevated only 850 ft. 
above sea-leveL This is a fresh-water lake, though 
forming a closed basin. To the south of these plains 
the edge of the plateau b placed by Dr. Barth, to 
whose researches is due nearly all we know about the 
region of Soudan, in about lat. 8^ N. near the 
Alantika and Mindiff peaks, which stand in isolated 
positions in advance of this edge. On these plains 
the Quorra and Tshadda-Benue are navigable through 
their entire course, the latter 800 miles from the sea 
being half a mile wide and 10ft. deep ; and so level 
is the country towards its source, that at the time of 
the tropical rains, small vessels might pass across 



the flooded lands into the channel of the Share river, 
and so down N. into lake Tchad. The Soudan plains 
are rich and fertile, with a vast extent both of 
arable and pasture land, and support a numerous 
population. — The profile of the continent in this part 
IS shewn in Plate VlII., Fig. 4. 

32. The Deeerts.— North of these wide plains of 
Soudan, the desert plateau of the Sahara rises to an 
elevation of 800 or 1000 ft. more. Its general level 
is about 1600 ft.; but here and there, over its wide 
surface, low chains of hills and higher plateaux are 
placed irregularly, and reach frt)m 3000 to 6000 feet 
in height. About the meridian of 5"* W. two 
plateaux divide it into the Sahel on the W., and 
Sahara proper on the £. This eastern part merges 
into the Nubian and Libyan deserts, bounding the 
Nile valley, on whose fertile lands their sands are 
constantly encroaching, just as on the W. the sands 
of the Sahel, the chief region of sand drifts, are 
shoaling the Atlantic a long way out The whole 
region is without rain or dew, and uninhabitable, 
save in a few scattered spots, termed o^es, whose 
depression below the general level gives an outlet to 
springs, and renders cultivation possible. The 
water, however, is generally braclash from the 
impregnation of the day subsoil with saline matters. 
Beds of recent marine shells have lately been dis- 
covered in many parts of the Sahara, and it had hence 
been concluded that much of this desert is the 
desiccated bottom of an ancient inland sea, com- 
parable in area to the Mediterranean. If such a sea 
really existed, the climate of S. Europe must have 
been much cooler than at present, and the Alpine 
snows, which are now periodically melted by the 
breath of the Sirocco, must have then descended to a 
much lower level. Now it is remarkable that there 
is evidence of the former descent of glaciers to levels 
lower than the present, ftx^m facts observed before 
the existence of a Saharan Mediterranean had been 
suspected. 

33. Relative Aspects. — On a review of the physical 
aspects of this continent, it will be seen that they 
correspond strikingly on opposite sides of the Line. 
There are the vast grassy plains of Soudan and 
Senegambia on one side, and those of the Zambezi 
basin on the other ; the rainless and desert regions 
of the Sahara and Kalihari ; and the terraced moun- 
tain regions of the Atlas and Cape Colony, with 
their dependent belts of fertile land. 
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84, — PltysiCAixy considered, N. America may be 
divided into four regions; a narrow band of low 
land on the coast of the Paj?ific, a mountain region 
in the west, vast central plains, and a hilly region 
in the cast. An attempt is made to shew these 
features iu our Gcction, Plate Vlll., Fi^. 6, which 
will help to call up a livelier conception of the 
surface outlines. 

3& — The Andes of the southern portion, and the 
Bocky Mountains of the northern, aro llio proper 
axis of the continent, the direction of which has 
determined the development of the land. In all their 
physical relations these are truly one chain ; yet a 
stnking interruption occurs just wliere the breadth 
of the mineral axis is least, and where, of all other 
places, such int«rmption beet subserves the interests 
of nations. At the isthmus of Panama, the breadth 
is enly 48 miles due N. and S., and the surface sinks 
to 299 ft. above half-tide level in both oceans; 
acTOSB this depression a railway has been carried 
from AjroinwaU on the E. side of Navy Bay to the 
dt^ of Panama; and various schemes are still iu 
ftgitation for carrying a canal across at a point 
wlierothe depression is not much different from that 
of the railway sommit level, which is 254 ft. In 
the Caribbean sea the riso of tide is no more than 
from 6 to 7 fl., in the bay of Panama as much as 
19 to 25 ft. ; 80 that the ifforenco of level between 
the two seas may vary from day to day between the 
extreme limite of 13 and 33 ft., whilo if half-tido 



occurs at the same time on both sides, the levels of 
the water in the two oceans will be the same. But 
such conditions can only exist for a few minut^>s ; and 
the effects are practically the same as if the two 
oceans were permanently at different levels, as was 
long supposea. The apparent difference arises solely 
from the peculiar way in which the localities are 
related to the progress of the tidtvwave in the 
Atlantic and Paofic oceans. 

The low hills which traverse the isthmus, and in 
which these convenient breaks occur, are about 
1000 ft. in height. The rangn rises northwards, but 
only to sink again ; for, in the route of 1 2 miles from 
lake Leon, which communtcat«s with lake Nicaragua, 
to the Pacific, a depression in the ridge of only 220 fl, 
above Uiis ocean occurs. The San Juan river, which 
runs E. from lake Nicaragua, has, however, two falls, 
which are got over by portage, and might easily be 
surmounted by short canals. The isthmus of Tehu- 
antepec in Ion. 95" W. forms another depression, 
across which both a railway and a canal have been 
proposed. But to the north of this the phit«au of 
Mexico, lifting itself rapidly upwards, forms an im- 
passable barrier between the two seas, never to bo 
surmounted by any such work of man. Its E. and W. 
edges, with the mountains rising along them, or 
planted upon the plateau itself, form the double 
range ct the Mexican chain ; in this part the plateau 
has an average height of 7000 ft., and above Uita tha 
peaks rise from 8000 to 10 000 feet higher. ITio 



weBtem cham bears the name of Sierra Madre, the 
eastern has no special name that we know of; 
geogr^hers call it the Mexican chain simply. The 
city of Mexico is 7470 fb. above the sea^ and in this 
part and northward so level is the surface of the 

S^lateaOy that a wheel-carriage can be driven along it 
or 1400 miles. The plateau narrows northwards, 
and about lat 35^ the two chains coalesce to form 
ihd Bocky Mountains, a broad chain with lateral 
ranges and intervening longitudinal valleys. The 
lateral ranges are sometimes parallel for great lengths, 
and the inclosed valleys are plateaux. In other 
eases they coalesce and form mountain-knots, the 
most eastern ridges descending into the Mississippi 
yalleyi as successive plateau-buttresses to the main 
chain, and throwing off spurs at right angles still 
further into the eastern plains. One of the most 
important groups of the Bocky Mountain system is 
that called the Wind River mountains, lat. 44^, Ion. 
110** W., the great river centre of N. America. 
Here, near the base of Fremont's peak (13,568 ft.), 
some of them no more than a few paces apart, are the 
sources of the Yellowstone, Missouri, Big Horn, 
Platte, Colorado, and Lewis, a principal branch of 
the Columbia. Here also occurs the most important 
pass, Fremont's or the south pass, between lat. 42*^ 
and 42^ 40^, where the axis declines to a height of 
7489 ft., affording a very gradual ascent on either 
side, and a ready access to the interior plains of the 
great basin. Up the Platte river basin, and across 
this pass, the great Pacific railway, one of the 
grandest works of the age, has been ^carried. Sum- 
mit level in the Wahsatch mountains 4411 fb. The 
highest group occurs in about lat. 52^, where several 
pe^s rise from 15,000 to 17,000 ft. The chain 
diminishes in height towards the north till it ter- 
minates in considerable offset and fan-shaped ranges, 
which descend towards the Aixtic ocean and 
Behring^s Strait 

38* — ^Bound on to this great back-bone chain of 
the continent by a high plateau, there is another 
lofty range dose to the Pacific coast. Its lower and 
most southern part is parallel to the Sierra Madre, 
and traverses the whole of lower California from 
Cape St Lucas, its southern extremity, lat 23^ N., 
to St Bernardino mountain near San Diego in lat. 
34«^ N. The heights vary from 1000 to nearly 5000 
ft till lat 28^ is reached, where occurs the highest 
point of the chain in the Cerro di Giganta 4900 ft 
nigh. At St Bernardino, which reaches the height 
oi peipetual snow, the chain bifurcates into the 
Sierra Nevada of Califomia on the east and the Coast 
range on the west Between them is inclosed the 
magnificent valley-state of California, more than 
throe times the size of England and Wdes. Towards 
its upper end the eastern chain seems to pass into 
connection with the Bocky Mountains by means 
of ridges bounding the great plateau about the 
western bend of t£e Columbia river. The other 
chain continues its course along the coast under the 
names of the Coast ran^e, the Cascade range, and 
the Sea Alps, the outer ndges of which are broken up 
from lat 46^ to lat 58^ in an archipelago of rocky 
lalea. The southern part, in the W. of Califomia 
State^ scarcely reaches 4000 ft; but the heights 



northwards are much greater, the culminating point, 
mount St Elias, in lat. 60^, being 17,850 ft., probably 
the highest in the whole of N. America. Tne chain 
is continued northwards towards Behring's Strait, 
where several mountains, as on the opposite Asiatic 
coast, are said to reach 10,000 and even 14,000 ft 
The inner chain, the Sierra Nevada of California, 
reaches from 12,000 to 15,000 and 16,000 ft., and is, 
in most parts, permanently snowed. Between this 
range on the west, and the Eocky Mountains and 
their spurs on the east, is situated a remarkable 
tableland, the "American Desert" of explorers. It is 
elevated from 4000 to 5000 ft. above the sea, but 
some parts of it in the south reach 6000 ft. It is 
divided into two unequal portions by the Wahsatch 
mountains, the western being the largest. This is 
about 400 miles long from £. to W., and 250 miles 
broad. Shut out on all sides from connection with 
the ocean by cross ranges joining the eastern and 
western chains, it is appropriately termed the Great 
Basin. The N.E. part is, in many places, well 
watered, wooded, and fertile, the abode of thriving 
settlements. The southern part is a hopeless desert, 
covered with incrustations of salt mixed with sand 
and clay, and having numerous salt lakes, into which 
the streams empty themselves. The eastern portion 
is an arid valley covered with saline and alkaline 
incrustations, and traversed by the Colorado and its 
tributaries. By these there have been cut down, 
in the course of ages, canons or gorges, with per- 
pendicular sides of enormous depth, as much, it is 
said, as from 2000 to 3000 ft., and that through 
spaces of hundreds of miles. The sections of the 
strata exhibited in these canons are described as 
most wonderful to behold. This part of the plateau 
descends to the maritime plains at the head of the 
gulf of Califomia. In British Columbia, N.K of 
Vancouver's island, there is another plateau about 
2000 ft. in elevation, which falls away northwards 
towards the wild desert tracts of Walnissia. 

37. — The region of the continent to the eastwards 
of the Mexican and Eocky Mountains is of much 
simpler structure. It consists of an immense plain 
stretching with almost unbroken continuity from 
the gulf of Mexico to the Arctic ocean, and bordered 
through a small extent on the east by the Alleghany 
mountains. The plain has two slopes, one to either 
sea. These slopes are determined by a series of 
undulating heights under the name of the Missobay 
hills and Black hills, with the connecting " Hauteurs 
des Terres," in which the Mississippi has its source, 
the respective elevations being 1500, 1600, and 
1680 ft These lie immediately west of lake Superior, 
the height of which above the sea is 640 ft, or 
1040 ft. lower than lake Itasca, the main head of the 
Mississippi. Many parts of this great water-shed 
are, however, lower than these heights, being only 
700 ft, and pass insensibly into both plains. The 
southern plain rises so gradually that the heights 
mentioned appear but gentle swellings of the ground. 
At St Louis, where the Missouri enters, the elevation 
above the sea is only 380 ft., though the distance 
to the mouth of the Mississippi in a direct line ia 
700 miles. From this point the plain rises more 
rapidly, and the rivers have several Calls ; till, along 
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the line of heights, the two plAins coalesce, Along 
this vatcr-abed the heads of the great rivers flowing 
opposite ways could be easily united. The overflow 
of lake Itasca could bo carried with the greatest 
ease into the North Red river, traversing lake Win- 
nipeg, and entering Hudson's gidf; and this Bame 
river, with like facility, could be united with the 
St, Peter's, a head stream of the Mississippi The 
Missouri, where COO miles from its source, already 
an immense river, it is deflected S.£. by a low range, 
could be connected by a cut of a few miles with a 
great bend of the Souris or Mouse river flawing 
northwards. Further east rivers flowing opposite 
ways unite naturally; after heavy rains, or a sudden 
melting of the enow, small vessels cau pass across 
the flooded flats at the head of the Illinois into 
streams entering lake Michigan. A vessel which had 
sailed from thegulf of Mexico could, in these circum- 
stances, pass into the St. Lawrence and so into the 
Atlantic through the heart of N, America — a singular 
feature having a striking analogy with the conditions 
existing naturally and permanently in H. America. 




The wide prnirio plains of the Jlississippi are 
broken through a short space only by a low rant^ 
of liills called the Ozark mountains. They extend 
between tlie Missouri and Arkansas rivers about 
150 miles, and arc wooded to their summits, which 
nowhere pass 2000 fL The eastern part of this 
great plain is well wooded, has an immense extent 
of the richest land, and a surface delightfully varied 
by rolling heighu and wide dales. The central parts 
consis4 of perfectly level tracto or savonnalis, and 
"rolling" iovels, called prairies, without trees, but 
covered with long grass intermixed with a few flowers 
and shrubs; kaunias, asalou, and rhododendrons, 
representing the heath tribe of Europe and Africa, 
appear along the streams. Westward the country 
rises towards the mountains, whoso ridges receive 
the residue of rain remaining in the clouds which 
have passed across from the Pacific; and there is 
Ihns in this part much barren and desert ground. 
The southern part of the plain is occupied by 
immenao level and often swampy tracU little raUed 
above the aea, and adapted from its hot humid 
chmate for the growth of rice, the sugar cane and 
»ea-uUnd cotton. This vaat plain denvea iu rain 
chiefly from the gulf of Mexico. The ourtarn trade- 



wind, entering from the Atlantic, passes across this 
gulf loaded with the abundant moisture which its 
high temperature enables it to dissolve; striking 
tho lofty Mexican plateau, which stretches from 
lat. IS'-' to lat 40°, it is deflected north, and finds a 
ready passage up tho great plain, upon whose expan- 
sive and gladdened bosom it deposits its rich and 
fertilising load. 

The northern or Arctic slope has, in Canada £«st 
and Labrador, and along portions of the Arctic 
shores, low ranges of hills ; but most of it is veiy 
level, covered with countless lakes, and intersected 
by a perfect network of streams. Its vast breadth in 
the north, and its contact with an ocean almost con- 
stantly frozen, give this whole region a rigorous 
climate; so strangely rigorous that northwards of the 
latitude of Quebec (which is the same as that of 
Nantes), wheat will not ripen till we reach the 
sheltered valleys east of the Rocky Mountains, where 
tho limit of this cereal extends much farther north. 
The greater mildness of the climaU; towards tho 
west is still more strikingly shewn by lines on tlie 
map of "ground ncrmanently frozen," and "northern 
limit of trees," wnose respective terminalions on tlie 
cast coast correspond with the latitudes of Derby 
and Inverness; while, on the west coast, they termi- 
nate in latitudes respectively the same almost aa 
Upsala and Toruea. 

38. — Returning to tho great southern plun, we 
find it bounded on the cast through moat of its extent I 
by the Allegliany mountains. This range has its 
origin iu tho northern plains of Alabama and Georgia 
states, and mns nearly parallel to the Atlantic coast 
through tlie wliole extent of the extern states, ter- 
minating in Maine, or perhaps more properly in 
Gasp6 promontory at tho mouth of the St, Lawrence, 
Subject to local deflections the direction is N.E. and 
S,W, The distance from the Atlantic varies from 
50 to nearly 200 miles. The length is about 1200 
miles, and the breadth occupied by tho several ridges 
and intervening longitudinal valleys is about 100 
miles. Tho highest summits are found in the group 
of the White mountidns in Maine, and in N. Carolina. 
The name is applied propcriy only to the middle 
portion in Virginia and Pennsylvania, the other 
parts having local names, as Blue Ridge, Laarel, 
Cumberland, CaUkill, White mountains, &c,; but 
geographically and physically the range is ono 
throughout the limits named. > 

The Appalachians are distinguished from moat 
other moiin- _>\a, 1 

tain chains by y'C^'"^^i?^>^?^'-^^vO'-^V 
the absence >^^iZi9r.i-'.'''i''^>\^o'^w?^ 

of . ■ni.i.n. MMmsV!S^lSm$0k^ 

dominant Fit.ia | 

ridge or axis, to which lateral ridgea on either tido '' 
are subordinate and equally related. Such an axia ' 
is shewn in the annexed cu^ Fig, 18. On the con- ' 
trary, there are three, four, or five ridges alike eminent 
and entitled to be called the chief. Thia arisea fixim 
the arrange- | 

ment of Uie -.^ 

the conTexity Ri-ia 
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formiDg the mountain ridges, and the concavity 
the vaUeys, as in the annexed cut, Fig. 10. Tliis 
structure prevails more in the middle and southern 
portions, which consist of long parallel ridges and 
valleys with a uniform level outline of the summits, 
and aa entire want of rocky crests ; yet the crushing 
and fractures of the folds produce in many places 
rough and rocky ground, and there are many rock}' 
and picturesque gorges by which the streams of the 
long parallel valleys find passages outwards E. and 
W. Igneous rocks, granites, porphyries, and green- 
ntones shew here and there along lines of fracture. 
They probably exist in great force below the flexured 
beds, whose elevation and contortion is due to the 
transfusion among them of these igneous rocks in a 
melted state, the elevatory forces not having been 
sufficiently intense along these lines to break up the 
entire crust and bring these rocks to the day. 
The sedimentary flexured beds belong to the 
Silurian, devonian, and carboniferous systems; 
and it is certain that the movements which gave 
to the chain its present outlines took 'place after the 
coal period, and before the deposition of the new 
red sandstone. 

The country east of the Alleghanies has a peculiar 
structure. The maritime part consists of a belt of 
low land, in many places marshy, 150 miles broad 
in its southern part, but narrowing gradually 
northward, and terminating on the New England 
coast, where it is represented by low islands 
near the shore. Similar islands bound it along the 
coast, their lengths being often 30 miles, while the 
breadth is no more than 1 or 2, and the elevation 
only a few feet above the highest tides. Between 
these and the mainland there are navigable passages 
always calm, and much used hy trading vessels. 
This tract is called the Atlantic plain; it sweeps 
round westwards through Georgia, Alabama, and 
Mississippi, bounding the Alleghanies on this side, 
and becoming confluent with the great plain of 
the Mississippi valley. It consists entirely of river 
and sea deposits, and forms the rice grounds and 
the cotton and sugar plantations of the south. 
It is the only unhealthy region in the States; its 
malarious exhalations tend to produce fever and 
ague. This plain is succeeded westwards by an 
undulating region, called the Atlantic slope, raised 



200 to 300 ft. above it, and markedly separated from 
it by a ledge of primary rock (granite or gneiss), 
over which the rivers descend in falls or cataracts, 
and which thus marks the head of the navigation. 
Here, to the east of this ledge, are situated all the 
large cities of the eastern states from New York 
by Milledgeville to Montgomery, as Philadelphia, 
Trenton, Baltimore, Washington, Richmond, Raleigh, 
Columbus, <^'c. — an interesting example of how 
much influence are geographical conditions in 
d(]termining the aggregation of the inhabitants of 
a country around particular centres. The ledge of 
granite still bounding the narrowing plain, strikes 
the coast in N(iw England, and there forms the sea- 
cliffs. This rock covers wide areas in New England; 
and in Canada, Labrador, and the Arctic regions 
attains an enormous development. — ^The Atlantic 
slope stretches upwards to the base of the moun- 
tains. It is about 100 miles wide, has a delightful 
climate, and is the region of the upland cotton, 
tobacco plant, and other rich products. Upon it 
in Georgia, Alabama^ the Carolinas, &c., tertiary 
deposits cover the granite and old slates; north- 
wards in Virginia, Pennsylvania, ^c, immense tracts 
of anthracitic coal occur upon it. This coal bums 
without smoke, and hence the delightful purity of 
the atmosphere in the Atlantic cities. In the western 
states, between the Alleghanies and the tertiary plain 
of the Mississippi, there is another field of coal, but 
of the ordinary bituminous variety. It is of im- 
mense extent, having an area considerably larger 
than the whole of Great Britain and Ireland; the 
coal is often most accessible, many of the principal 
seams being worked by horizontal adits. Lead exists 
in enormous quantities in N. Illinois, Wisconsin, 
and Iowa; copper in Upper Michigan and in 
the British territories N. of lake Superior. The 
latter is associated with trap rocks, and is in the 
state of native copper, in masses usually too large to 
be removed, and which it is almost impossible to 
break up by blasting or otherwise. Gold is found in 
considerable quantities in the southern Alleghanies, 
in a narrow band of scliistose rocks — total value of 
produce since the first working of the veins about 
3. J millions of pounds sterling ; but these workings 
have been cast into the shade by the gold discoveries 
of California. 
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39. Coutonn. — Soittli America, like tbe northern 
part of the continent, is naturally divided into four 
regioDS of distinct physical character. On the Pacific 
coast^ througli 4000 liiiles of length, and from 50 to 
150 of breadth, there is a belt of comparatively low 
and flat land. This is backed by a great plateau 
Bupporting lofty mountains; vast central plains fonn 
the third region ; the fourth, in the cast, consists of 
hilly tracts and lesser plateaux. These contour 
features are shewn iu Plate IX., Fig. 1. 

40. Karitime B«lt — The maritime belt on the 
Pacific is several hundred feet above the sea, and is 
traversed by low hill-ranges parallel to the coast, 
and by spurs from the Andes dividing the basins 
of the short mountain streams. The N. and S. 
parts are well watered and fertile ; but the middle 
portion, from 8° to 30° S. lat., is a sandy or stony 
desert, except a few narrow strips irrigated from 
tanks which are filled by the swollen streams. 
Though much of it is otherwise useless, ita mineral 
wealth in copper and other metals is unbounded. 

ti. Syitem of the Andei — (a) Palaffottian Andts. — 
The Andes form the western mountain region — a 
chain, perhaps, the most remarkable on the globe 
for its length, persistent height, continuity, and 
internal structure. From its southern extremity iu 
lat. 66° to the tropic of Capricorn it is a single 
chain. Thence to tno isthmus of Panama there are 
several parallel ranges of peaks or cordilleras sup- 
ported npon a continuous plateau of an altitude 



varying from 10,000 to 12,000 fl. Capo Horn or 
Hoom, on the most southerly of the countless islets 
of the Fuegian archipelago, is a cliff of dark slat« 
600 ft. higb, from behind the summit of which a 
mountain rises steeply to 3000 ft. On Tierra del 
Fuego the mountains reach 7000 ft; on the main- 
land northwards they are lower, the mean height 
being about 3000 ft. The tops, if not snow-clnd, 
ore covered with peat mosses, the lower slopes with 
brown beech woods. K. of Sansohd frith on the 
N. side of Magellan Strait, the Fatagonion Andes 
assume that continuous unbroken character which 
the chain after preserves as far as the tropic; the 
height varies from 3000 to 8000 ft. The mountains 
ore thickly wooded, and press close upon the coast, 
which is hence bold and rocky, and bordered by 
on archipelago of rocky isles, with navigable chonncu 
between them and the mainland. 

(i) Chilian Andes. — The Chilian Andes reach from 
Ancud gulf to the tropic, 150 miles from the coast, 
80 miles broad, and from 12,000 to 14,000 ft. in 
height — highest point, and highest of the whole con- 
tinent, Aconcagua, 23,910 ft. It is in hit. 52" 6' S., 
100 nulea E,N.£. Valparaiso, and is a huge cone of 
volcanic trachyte, but not now a volcano. Between 
lat. 30^ and the tropic there occur several lessor 
parallel chains, or buttresses to the main ridge ; but 
it is not till the neighbourhood of the tropic is 
reached, that the great distinctive features of the 
Andes are ttxhibited in the division of the chain into ! 
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two stupendous ridges or cordilleras, connected by a 
lofty and wide plateau. The bifurcation seems to bo 
in lat. 22® S. on the cross-ridge of Lipez, near the 
peak of Llulayaca. Such a point of bifurcation 
oir uniting again of chains has been called by 
Humboldt ''a mountain knot.'' The knot hero may 
be called that of Sancristoval de Lipez. 

(c) Bolivian Andes. — N. of this Lipez cross-ridge, 
the plateau and its bounding ridges become perfectly 
defined. This is the plateau of Bolivia^ 12,900 ft. 
in height^ 400 miles long, and 60 to 100 wide. The 
eastern ridge is the cordillera Heal, the western the 
coast cordmera. From tlie eastern in IS^ S. tlie 
great snowy range of Cochabamba parts off, and runs 
far down £. into the central plain, so far as to give 
here the greatest width in the whole continent to 
the meridional mass of higli land, the total width 
bein^ more than 500 miles. 

The eastern cordillera has sharp rugged peaks 
and serrated ridges, and is not volcanic : Nevada 
Sorata^ 21,288 ft.; Nevada Dlllimani, 21,149 ft.; 
Cerro di Potosl, 17,000 ft.; City of Potosi, 13,330 ft. 
The coast cordillera has dome-shaped summits com- 
posed of volcanic trachyte rising thi'ougli red sand- 
stone : Sahama, 22,359 ft.; Gualatieri, 21,900 ft.; 
Chuquibamba^ 21,000 ft. ; Arequipa volcano, 20,32G ft. 
These heights and forms render the Bolivian Andes 
by far the most imposing group in the whole chain. 

After a long pax^elism the two cordiUcras con- 
verge northwards, and form the knot of Cuzco on the 
cross-ridge of Vilcanota inclosing the plateau on the 
north, and 12,000 to 16,000 ft. in height. Though 
the plateau is thus a closed basin, its waters are 
fresh and pure. Near its northern extremity is 
situated one of the largest lakes in the world — lake 
Titicaha, 12,846 ft. above the sea, 170 miles long, 
70 broad, and 120 fathoms deep in some places. It 
discharges S. bv the river Desaguadero, 200 miles 
long, into lake Aullagas, 60 miles long, and from 15 
to 20 broad, also iresh. This lake has no known 
outlet, but it was observed by the Late Dr. Mathic 
Hamilton of Glasgow, when crossing by the southern 
end of this lake, that a river, not laid down on any 
map, issues from the S. end ; and since evaporation 
is very trifling over the whole region, as Dr. Hamilton 
shews, the river cannot be thus absorbed; but it 
cannot discharge in any direction in an open channel, 
the basin being closed; therefore must it descend 
into rocky caverns, and so may again come to the 
day at a lower level, and find its way to the Pacific. 
If this view be correct, the Andean basin is no ex- 
ception to the general rule that the water of closed 
basins is salt. On Dr. Hamilton's authority, the 
spelling of the name is here changed. '^As the 
Mississippi," says he, " is the mother of waters, so is 
this great lake the father of waters, Titicaha," and 
not Titicacdy which has a meaning less pleasing and 
poetic. 

The mountain-knot of Cuzco or Yilcaiiota is the 
greatest in the Andes, and contains many peaks 
passing the snow-line, and in it three upper branches 
of the Amazons have their source about lat. 15" S. 
Two chains running N.W. from it unite again in 
the knot of Huanuco de Pasco, 10"" S., which has 
also colossal nevadas, and gives rise to the Upper 



Maranon. Thence through 5^ of lat. there are throe 
Cordilleras inclosing two narrow elevated longitu- 
dinal valleys. The western rises above the snow- 
line. The tliree become confounded in the knot of 
Loxa, about 5° S., and only 7000 to 8000 ft. high. 

(d) Andes of Quito, — Thence the Andes of Quito 
stretch due N. to the knot of Pasto in 1^ N. in two 
nearly parallel ranges, then* complete separation 
being only interrupted in two places by cross ridges, 
forming the knot of Assuay, E. of Guayaquil, 15,500 
ft. high, and that of Chisinche, a little S. of Quito, 
where a narrow dike forms the watershed between 
the two oceans. Thus are enclosed the three valleys 
of Cuen^a, Kiobamba, and Quito, having a joint 
length of 350 miles, and separate width of 30 to 40 
miles. As is the rule in the Andes, each is inac- 
cessible from the other, save by twice crossing the 
bounding cordillera. The celebrated valley of Quito 
is 200 miles long, 30 wide, and elevated 9000 ft^ 
above the sea. The peaks visible from it form a 
magnificent assemblage scarcely surpassed by thosi^ 
of the Bolivian Andes ; for though lower they are 
much nearer to an observer in the middle of the 
valley. From lat. 3® S. there occur on the eastern 
cordillera northwards, Pullachiquir, Borma, Quino- 
aloma, Sangay volcano, 17,190 ft.; Guamboya, Tun- 
gurahua, 16,400 ft. ; Llanguaneto volcano, Cotopaxi 
volcano, 18,875 ft.; Antisana volcano, 19,130 ft.; 
Cayambe, whose peak, 19,648 ft. liigh, is exactly 
on the equator, and the volcanoes of Chiles and 
Cunilval ; and on the western cordillera there are 
from the same point northwards, Cohopata, Chim- 
borazo, 21,420 ft.; Cargunazo, Hiniza, Pichincha, 
15,936 ft.; and Cotacache, 16,448 ft. 

(e) Northern Chuins, — Closing the valley, the plateau 
of Pasto is 10,000 ft. high; it gives off two ridges 
enclosing the plateau of Almaguer, and ending in tlie 
knot of Las Papas in 2^ N. Here the chain splits 
into tliree ridges, those of Sunia Paz, Qindiu, and 
Choco. The first runs N., N.E., and in 8^^ N. 
]>ends E. forming the coast range of Venezuela as 
far as Trinidad isle, which indeed takes its cliaracter 
from it. Its heights in many places pass the snow- 
line. The Silla of Caraccas rises from the coast like 
a wall, though at an angle of 60*^ only, to the height 
of 8600 ft. Between this chain and that of Qindiu 
lies the plateau of the Upper Magdalena 8300 to 
9000 ft. high; the Qindiu chain has the peaks of 
Hinla and Tolima, 17,900 ft. and 18,020 ft. respec- 
tively; on its northern prolongation near Gallinas 
Point is the Horquita peak, 19,184 ft., the highest 
N. of the equator. The upper valley of the Cauca, 
])etween the Qindiu and Choco ridges, is a low 
plateau of 3000 ft. N. of this the chains approach 
closely, forming the Antioquia knot 7000 ft. high , 
and hence the western chain is split into two 
ridges, one iiinning to the isthmus, and the other t«j 
the coast eastwards. All these northern branche.s, 
however, are broken and irregular, and from the 
junction of the Magdalena and Cauca northwards 
there is a wide plain. It is with thciie coast ranges 
of the Amies system, running E. and W. through 
the Spanish main, that the chains which traverse 
the West Indian isles lengthwise seem to be in 
relation. These isles are probal^ly but the fi-agmenta 
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of a great continental land wliicli once united N. 
and S. America, broken up by the volcanic agencies 
Btill so powerful on this continent. 

42. Passes. — The passes in the Andes are all at 
right angles to the main ridges, and not as in the 
Alps along the line of longitudinal valleys. It is 
impossible in every case, we believe, to pass across 
the mountain-knots from valley to valley. Many of 
them are very dangerous from the nan'0^\Tiess of 
the paths alongside frightful gorges, or from their 
passing across chasms bridged by ice or an unhewm 
log of timber. One of the safest und best frequented 
roads leads from Santiago to Mendoza, and thence 
across the Pampas to Buenos Ayics ; it crosses the 
Uspallata and Portillo ranges at elevations varying 
from 12,000 to 14,3G5 ft. The other chief passes 
are the Pacuaid, from La Paz to the Beni river, 
and between the Xevadas of Sorata and Illimani, 
•15,349 ft; Alto de Toledo, Arequipa to Pnno, 15,590 
ft.; San Mateo, Lima to Tarma and Pasco,' 15,760 
ft. ; highest, Tacora, from Ai*ica to Puno in the 
Titicaha basin, 18,000 ft. Most of these are higher 
than the tops of the highest Alps. Although the 
Choco coast cordillera in the N.W. nowhere ex- 
ceeds 7000 ft., yet are the passes across it among 
the most difficult in the Andes. 

43. Eastern Highlands — (a) Guiana Grovjh — The 
Eastern Highlands I'orm two groups separated from 
one another by the middle and lower plain of the 
Amazons river. The northern or Guiana group is 
isolated by encircling plains. About 100 miles from 
the sea t5ie country rises by several terraces, lines 
of old sea level, into a broken plateiiu 2500 ft. high. 
On the plateau are planted several irregular ridges 
running in various directions, with little apparent 
connection among themselves, and certainly in no 
way related to any other mountain group. At their 
descent from the plateau the many large rivei-s 
have fine falls and cataracts; here and among the 
rugged mountains there is much fine scenery, and 
there are vast primeval forests. The principal 
ranges are the Sierra Parima and its continuation, 
S. Pacaraima, highest point, Marjivaca, near the 
source of the Orinoco, and the S. Roraima, reaching 
7450 ft.— average height 5000 to 7000 ft. 

(b) Brazilian Gmnp. — The second group com- 
prises most of Brazil and the Banda Oriental, and 
has an area more than half the size of Europe. It 
is a hilly region of broken table-lands and irregular 
chains, the limits on three sides being marked by 
falls or cataracts on the rivers. On the Atlantic 
border the ranges of hills are parallel to, and 20 to 
50 miles distant from, the coast, along the N.E. side ; 
but further S. towards the tropic they come close 
upon the shore. The interior chains have a general 
direction from N. to S., but there are several 
transverse ranges, the principal of whicli is the 
Sierra GenJ and Parcels, in the S.W., where lie the 
sources of many large tributaries of the Amazons. 
Other streams have their sources at the heads of 
closed-up valleys, and some on the narrow central 
plain between the Cochabamba range and the Sierra 
Geral. The rivers of Brazil have their N. and S. 
courses through limited basins, and all but one arc 
feeders of the great river. The small plateaux 



among the hill ranges reach from 1200 to 2000 ft., 
and the mountains rarely pass 5000 ft., the two 
highest on the coast range of Aspinhaco being Itambi 
5980 ft., and Itacolumi 58G0 ft. 

44. Lowlands. — The S. American Lowlands ex- 
tend between the mountain regions we have de- 
scribed, through the entire length of the continent ; 
they form four regions most diverse among them- 
selves in physical aspect, climate, and productions. 

(a) The Llanos of the OriiuKO, — These occupy an 
area of 350,000 square miles, reaching 1000 miles 
inland to the base of the eastern iVndes on the 
AV., and of the coast range of Caraccas on the N. ; 
on the equator they coalesce with the plains of 
the Amazons without any perceptible undulation; 
on the N.E. they are confluent ^vith the low mari- 
time belt bordering the mountain groups of the 
Guianas. The rise inland is so gradual that 500 
miles from the coast the height is only 224 ft.; the 
elevation nowhere seems to exceed 500 ft. The 
delta of the Great River is the only part wooded, 
and as it is nearly half the year under water, the 
inhabitants have their dwellings on the trees ; they 
pass to and fro by boats, and during this season 
subsist chiefly by fishing. They form the last rem- 
nants of the great Carib race found on the islands 
and the Spanish main by the first discoverers. 
Other parts of the llanos are treeless, save that a 
solitary fan-palm rises here and there as a guide and 
landmark to the traveller, and that the margins of 
the streams nourish low bushes. The soil is a 
chalky loam without stone or pebble. The rains 
set in about the middle of April, and the great 
steppe, before a barren desert, whose heated and 
loosened soil has been driven in clouds by every 
wind, is speedily clothed with prolific vegetation, 
and becomes the scene of busy life and active enjoy- 
ment. As the season advances some tracts become 
inundated; and at the junction of the Apore with 
the Orinoco a lake is formed 80 miles by 60, and 
14 feet deep. The llanos are gradually acquiring 
fixed inhabitants, who are engaged in tilling the 
])est iwrtions, especially along the borders, and in 
reducing to a tame state the cattle, horses, and 
asses which, to the number of several millions, 
have, in the course of ages, become wild upon these 
wide wastes. 

It is upon the somewhat elevated S.K border of 
these plains that tlie extraordinary bifurcation of 
the Orinoco takes place, unexampled in the histoir 
of rivers, whereby half of its water is sent off 8.W. 
by the Cassiquiare to join the Rio Negro, a tribataiy 
of the Amazons, and the other continues its coarse 
N. W. in the direction of the head stream. 

{b) The Selvas of the Amazons are the Sfcond Begum, 
In the basin of this immense river an area 1500 
miles long, by 400 to 1000 miles broad, is covered 
by forests of tall trees, between whose huge trunks 
there is so dense a growth of bushes, shrubs, creeping 
plants, and parasites, that it is impossible to pass in 
many places, except by cutting a path with an axe; 
and to visit one village from another but a few 
miles distant^ the Jesuits, the only missionaries who 
have as yet found access to these regions, have to 
descend a long distance down one stream mnd then 
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ascend another. Even the r'reams are often rendered 
impa»able by overhanguig branches entwined with 
diinbing plants. On tnc higlier grounds the growth 
is not BO thick; and far from the rivers there ore 
many open savannahs with fine pasture, and tracts 
also of nch land capable of easy and most productive 
culture. But it is only in spots that the wonderful 
capabilities of this fine region, with its magnificent 
B^tem of navigable rivers, far surpassing anything 
else in the world, have been turned to any account 
either by the native Indian or the white man. ^o 
thinly scattered indeed is the population, that there 
is barely an average of one person to 10 square miles. 
An animated and poetic description of life in the 
primeval forests of this vast region will bo found in 
Humboldt's " Aspects of Nature " — Jlrs. Sabine's 
translation. Vol. I., p. 259. 

(c) The Pampas of the La Plata hasi/i form the third 
division of the lowlands. They extend 1400 miles 
from the Latcri-quoque lagoons of the Gran Chaco in 
lat. 19° 8. to lat. 39" S., with a maximum breadth 
in Buenos Ayres of 450 miles — area about 000,000 
square miles, or three times the size of France. 
N. of the lagoous a valley 600 miles long and 200 
wide, between the Brazilian sierras and the Cordil- 
leras of the Andes, connects them with the forest 
plains of the Amazons, towards which almost all the 
waters are sent. Through this distance a gradual 



change takes place ; — the selva is succeeded by an 
alternation of swampy and wooded tracts, and about 
lat. 20° S., where the tropical rains cease, the surface 
becomes drier, and trees are replaced by bushes and 
coarse gra.ss. South of this the eastern parts are 
covered with forests of tliiaties 10 ft. high, and 
brilliiint trefoil; the swampy parts, with tall reeda 
and cane.'', westwards with tufted grass and showy 
flowers; along the base of the Andes, with thorny 
bushes and dwarf trees, drawing a scant subsistence 
from a stony soil; here also, from the lowness and 
ilatticss of the soil, and the copious streams from 
the Andes, swamps and wide lagoons are formed ; the 
ground is impregnated with salt, and many of the 
lakes are saline. In the dry season the plains become 
parched and dusty, and sand-storms are frequent. 
This is tlio season of the hurricanes, called wam^riw, 
which descend from the Andes, sweep the plains 
with resistless force, and discharge tliemselves on 
the Atlantic coast. The weather then suddenly 
clears. — Besides the indigenous wild animals, vast 
herds of cattle and horses, the descendants of those 
let loose by the first settlors, range at liberty over 
these wide plains, which yield abundant food. They 
are hunted down and tamed, or destroyed for tho 
sake of the hides and fat, hoofs and hair. In the 
hot season an accidental spark often kindles the dry 
gra.ss and thistles, and sets on foot a conflagration so 
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rapid and destructive, that the animals have no 
power of escape, and perish by thousands. The 
farm-steadings of the Scotch and Irish settlers are 
now protected from these by clearing a wide space 
all round of everything combustible. Buenos Ayres 
stands on a level plain about 50 ft. above the 
estuary; thence the country rises imperceptibly 
till it attains a height of about 800 ft., and then 
continues level to the Andes. Under the surface soil 
everywhere there is a reddish indurated calcareous 
mud, passing into a hard marl, and filled throughout 
with the bones and entire 
skeletons of extinct quadrupeds, 
some species of which were of 
gigantic size. These are all of 
the same t3rpe of animals as now 
inhabit the region — the edentate, 
such as the sloth, armadillo, cavy, 
capybara, and others; but the 
existing congeners are dwarfed in 
comparison. These remains are 
associated in many places with 
the remains of moUusca, all 
of which still inhabit the 
adjoining sea. The whole deposit rests on old 
tertiary beds, with marine remains of species now 
extinct This deposit seems to have formed the 
bottom of a shallow sea washing the shores of Brazil 
and the Banda, amid the quiet recesses of whose 
sierras, composed of red granite, red porphyry, and 
red sandstone, the animals now found fossil had 
their abode. The sea became silted up with the 
detritus of these rocks, and the animal remains were 
washed down along with it — the whole area was 
then elevated. Under such surface conditions the 
heat and rainfall would be excessive, and the forms 
of life most prolific. This hypothesis derives much 
force from the discovery of like remains in the caves 
of Brazil. 

(d) The gravel 2)lmns of Patagonia form the 
fourth region of lowlands ; they are confluent with 



the pampas in the parallel of 39^ S., and extend, 
though with a narrowing breadth, to the shores of 
Magellan Strait. They consist of vast sterile plains 
covered with rolled gravel, broken shells, and bods 
of entire shells, all of the same species as now 
inhabit the Atlantic, mixed with which are bones 
of mammifers now extinct. The surface forms four 
terraces, which present steep sea-worn fronts towards 
the Atlantic, as shewn in the annexed section^ Fig. 20. 
Each of these terraces was in succession the bottom 
of a shallow sea, by whose successive elevations^ 




Fig. 20. 

a, AtlAntio ; \ present ee* border ; e, Ist torraoe. 250 ft. ; d, 2nd tonaoe, 830 ft. ; «, 8rd terrace, 
5S0 ft, often lowering woet wards and with marshy tracts; /, 4th terrace, 1200 ft.; g, alopca of 
the Andes. 

after a long interval of repose, the present features 
were acquired — a conclusion entirely in harmony 
with the hypothesis regarding the elevation of the 
Pampean plains. In the wide sea thus supposed to 
exist, the western cordilleras and Fuegian mountains 
must have formed a series of scattered islands with 
rocky crests. There is good reason to believe that 
the southern portion of the continent is still steadily 
rising at the rate of several feet in a century ; just 
as the N. of Europe and Asia, and most probably 
also Arctic America, are undergoing a gradual 
elevation. The whole of this gravel recion of 
Patagonia is one of the most bleak and onin- 
hospitable countries on the face of the earth; yet 
are some of the native tribes a tall race of men, 
and noted for their skill in horsemanship and the 
use of arms. 
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46. — Great BRrrAiN consists of two parts essen- 
tially different in physical aspect and geological 
structure. Scotland, the northern part^ is moun- 
tainous, without plains, and her rocks are of the 
older types. England, the southern part, has exten- 
sive plains and few mountains, while the rocks 
belong in a great measure to the younger forma- 
tions. The boundary between them is formed by 
the Solwajr Frith, the river Liddell, the Lauriston 
and Cheviot hills, an imaginary line from near 
Cheviot top at their K end to a point upon the Tweed 
at Carham between Kelso and Coldstream, in Ion. 
2° 18' W., and thence by the Tweed to its mouth in 
the German Ocean. At the junction of the Lauri- 
ston and Cheviot hills in Ion. 2^ 35' W., the hill- 
ranges of the two countries coalesce in Peel Fell, 
on opposite sides of which the North-Tyne, Liddell, 
and tied rivers have their origin. Here a chain of 
hills is given off which extends duo S. through 



Northumberland, Cumberland, Lancashire, and York* 
shire, to the S. W. of Derby. It forms the water-shed 
of the northern half of the country, and is a con- 
tinuously hi^h chain throughout, except at two 
points, of which one is between the head waters of 
the Kibble and Aire, where the Liverpool and Leeds 
canal crosses, elevation 500 ft; ana the other on 
the line of the old Roman wall between Carlisle and 
Newcastle, traversed by the railway, elevation 445 ft 
The range does not attain any considerable height 
till it reaches Geltsdale forest, S. of which it has its 
culnunating point in Crossfell, 2901 ft. high. Thence 
it ranges S. by Stainmoor forest where, in the 
western moorlands of Yorkshire, it exhibits the lofty 
summits of Whemside ^V.), 2414 ft ; Ingleborough, 
2361 ft.; Pen-y-gent, 2270 ft.; Whemside (K), 
2263 ft. ; and proceeding still to the S. between 
Lancashire and Yorkshire enters Derbyshire and 
Staffordshire, forming the northern moorlands of 
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tbe latter, tlio " bigli peak" district of the former, 
and the wild tracts between StocIq)ort and Derby, 
iFhere the chain is 22 miles wide. It finally subsides 
about the centre of England, on the banka of the 
Trent, which, winding round its southern termin- 
ation, turns from S.E. to N.E. in its course to join 
tho Uumbcr. At thi$ end tlie highest summits ore 
Great Axe hill, 1751 ft., and Weaver hill, 115i ft. 
Tbe chain has various local names, and tho whole is 
uauaJly designated as the " backbone " or " Penniuo 
chidn" of England, tlie latter name given by tlie 
Roman colonists from analogy with tho Alps (Art. 
13), or suggested by the native names containing 
the syllable Pen. 

The Pennine chain gives origin to many rivers, 
the Tyne and Tecs risbig in Crossfell, the Ouse and 
Humber and their tributaries, tlio Trent, Eibble, 
and Eden; those descending eastwards having the 
longest courses, the more abrupt slopes being towards 
the west. 

Closely connected with this chain by tho high 
ground near Shap, but separated from it N. and S, 
of this by the narrow valleys of tbe Eden and Lune, 
there is a group of mountains covering a great jmrt 
of Westmoreland, S.W. Cumberland, and N.W, 
Lancashire — these ore the Lake Mountains or C(im< 
brian group ; they are rugged and picturesque, and 
present tho highest summits in England, as Scaw- 
fell Pike, 3IG6 ft; ScawfoU, 3100 ft.; HelveUyn, 
3055 ft.; Skiddaw, 3022 ft.; BowfcU, 29Uft.; and 
others scarcely less elevated. The mountains of 
Wales or Cumbrian group ha a a generil trend to 
the S W Ihe range of Snowdon a a the north s 
the highest n the pnn pal ty Here Snowdon 
reaches a he ght of 3571 ft which is greater than 




that of any other mountain in S. Britain. The other 
principal heights are Caem-y-David, 3426 ft.; Cader 
Idris, 2914 ft,; Arran-Fowdy, 2970 ft.; Arrenig, 
2808 fL; Plintimmon, 2463 ft; Radnor Forest, 
2165 ft.; Black Hills in the S., 2850 ft.; Van or the 
Beacons, 2301 ft. ; Precelly Top in Pembroke, 
1754 ft. Among thoso hills the Conway, Clivyd, 



Dee, Severn, Wyo, Uafc, Taff, and many smaller 
streams have their origin. Lower hill ranges tra- 
verse the border counties with a general direction 
N. and S. The principal of these are tho CJee and 
Malvern hills, respectively 1805 and 1444 ft. iu 
greatest height; the Lickey hill, the Clent Sills, and 
the Wrekin (1320 ft.), are outliers in the great 
plain. In passing eastwards from tho borders of 
Wales successive ranges of low hills are crossed, 
presenting their scarped sides to the west, sloping 
more gently east, and affecting one general direction 
from S.W. to N.E. These emanate from Salisbury 
plain as a centre, an elevated tract of an elliptic 
form, in the north of Hampshire, which has a general 
height of 500 to 600 ft. The ranges of the Chiltem 
hills and E. Anglian heights pass off to the N.E., 
and declining from 800 and 900 ft. to 300, ter- 
minate on the German Ocean at tho Wash; the 
Cotswold hills (1134 ft.) of Gloucestershire, beyond 
the valley of the Avon, stretch northward, with a 
parallel range or outlier in Edge-hill (826 ft.). East^ 
wards and S, eastwards the north and south Downs 
extend from the same centre to Ihe sea coast, where 
they terminate, the one on Dover Strait in cliffs 




3 ft 1 fel and tl o 1 e n B 1 1 y Head tl a 
1 ^hest headland of En^lanl 564 ft in he „] t 
B ween them 1 es tl o lon„ 1 vcl tract called tho 
f o c t of the Weald occupym^ port ons of Surrey 
Su sex and K nt Tho b Downs do not wholly 
m rge n Salisbury plain , a ndge extends W to tho 
Axe, where it ends in Pillesden Down 034 ft. high. 
The highest point in these eastern ranges, and of all 
the ch^k hills in England, is Inkpen Beacon in tho 
N. Downs near Salisbury plain; height 1011 ft. 
The long south-westeni extension of England is duo 
to a narrow but high ridge of hard rocks, called 
the Dartmoor forest range, which extends through 
Devon and Cornwall to the Land's End, and haa 
a general elevation of 1000 to 1200 ft.; highest 
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poiDt, CaTsaad Beacon, 1792 (t. A cross ridge and 
a high coast line, on which BroTra Willy reaches 
13C8 ft., connect this range vith the Exmoor group 
on the Bristol Channel, in which the Beacon reaches 
1668 tb. Northward on the same coast, but having 
an axial direction at right luigles to that of the Dart 

' moor range, there are the Quantock and Mendip 
hills, the greatest elevation of the former being 

' 1428 ft., and of the latter 1100 ft. 

46. Plaim. — Between the Pennine chain and the 
Cumbrian group on one aide, and the Cambrian 

I group OD the other, a wide level plain, called the 

I Central plain, occupies the Midland counties from 
Liverpool to the range of the Chiltems, Bending 

I round the southern termination of the Pennine 
chain, this plain becomes confluent with another, 
called the Yorkshire plain, which Btretches N. to 
the mouth of the Tees, bounded westwards by the 
Pennine chain, which sends down into it many long 
gradually declining ridges, dividing the various river 
basins, with a height in their western parts of 1000 
to 1300 ft., and eastwards separated from the ocean 
h^the moors and wolds of York and Lincoln, whose 
highest point is 1485 ft. The eastern plain occupies 
the large tract of the eastern counties lying between 
the north Downs on the south, the Chiltem and east 
Anglian range on the west, and the German Ocean 
on the east and north. The plain of the Weald has 
been noticed already, and there are level tracU in 
other districts of the country; but their extent is too 
limited to entitle them to special mention. The 
significance of these various features, especially in 
their relation to each other, will be better understood 
when we come to consider their connection with 
the geological structure of the country. 

Scotland. 

47, — Tho bill ranges of the southern counties are 
connected with the Pennine chain of England at Peel 
Fell. A low ridge extending thence N.W, between 
the head waters of the Jed, Tcviot, and Ettrick on 
one aide, and those of the Liddell, £sk, and feeders 
of the Annan on the other, rises into high groups 
and mountain-knots about the sources of the Tweed, 
Clyde, Annan, and Moffat rivers, Qucensberry hill, 
2285 ft., being the point of bifurcation near the 
summit level of the Caledonian railway. From this 
centre a high range stretches far down into Peebles 
to the south of the upper Tweed, another northwards 
on the north side, chiefly under tho name of the 
Pentlands, of which jVrthur's Seat, 822 ft., is an 
outlier, and the MuirFoot and Lammermuir hills 
eastern dependencies. From tho same centre the 
Lowthers and Lead-hills, of which the Tinto range 
ending at Carstairs, and a range running S. W. between 
Ayr and Kirkcudbright, are offsets, pass to the N.W, 
These and their contmuations in the Haughshaw and 
Catbkin hills form agrcat watershed between Dumfries 
and Ayr on one side, and Lanark on the other. At 
the vilh^ of St Johnstone, 12 miles S.W. of Glasgow, 
the range drops into the valley of tho Ajt railway, 
which divides it here from the coast range. The 
tii^wst on the W. side are Lowthcr hill, 2403 ft ; 
Black Cnag, S298 ft., and several others very littl« 



less. On the E. side, Hartfell, 3651 ft., the loftiest 
in the S. of Scotland; Blackwood Scar (Peebles), 2136 
ft; Tinto, 2200 ft.;Pentknds,1900 ft.; Lammermuir, 
1750 ft.; Muirfoot, 1450 ft. In connection with 
these may be named Salisbury Crags, 547 ft. ; Edin- 
burgh Castle rock, 383ft.; Caltonllill, 347ft.— These 
various ranges form the eouthvn Highlands, and are 
distinguished from those of the north by their 
rounded forms and smooth outlines ; tliey aro 
without crags and rocky crests, and afford pasture- 
ground to their summits. The Cheviots are of the 
same character. 

North of the northward terminations of these ranges, 
and dividing them from the mountain districts of the 
north, there is a bread zone of comparatively level 
land stretching from sea to sea between the Friths 
of Clyde and Forth. Here in a trough of unknown 
depth all the coal of Scotland has been deposited. 
These coal tracts are bounded on the N.W. from sea 
to sea between Ardressan and Montrose by a well- 
marked range of hills so nearly continuous with one 
another as to bn separated only by the channels of the 
Clyde, Blane, Forth, and Tay. The several sections 
thus formed are, the Coast range, h^hest point, Misty 
Law near Largs, 1751 ft.; the Lennox hills (Kil- 
patrickandCampsie), elevation 1400 ft. and 1800 ft. ; 
Ochill hills, 2366 ft.; Sidlaw hills, 1700 ft. To 
the west of the last the vaUey of Strathmore, in 
Forfar and Perth, elevation 200 ft., and its continu- 
ation in the level tracts of Stirlingshire to the foot 
of Lochlomond, divide the Highlands from the Low- 
lands. The first or Highland section is again 
divided into two parts by the Great Glen, whose 
scenery is so justly celebrated for its variety and 
magnificence. It extends from the Moray Fnth to 
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Lcoh Linn&e, S. of Fort-William, has liigh bounding 
ridges, a maximum elevation of 94 ft., and ehews no 
Tock in silu — only rolled masses and heaps of shingle, 
ud has plainly been, in a former Btatu of the Eurfaco, 
ft narrow channel connecting the two s^-as. By far 
the greater part of both divisions is covered with a 
vast asaemblage of mountains, in some places digpose<l 
in groups, in others in ranges liaving a certain limited 
continnity, but in no sense arranged witli reference 
to one central dominant ridge or axis. Instead of 
being connected together by a series of high ridges or 
cols, giving continuity to the mountains, and form- 
ing elevated passes from valley to valley, the moun- 
tains are cut down deeply on both sides, and a free 
and comparatively low passage across is opened up. 
The mountains do not, therefore, form a cliain in 
the proper sense of the term. The nearest approich 
to it, however, is seen in the range of heights reachmg 
from the Glencoe group to the north end of tin. 
Cairngorm group; and this range we may, in con 
fonnlty with the common practice, designate tne 
Grampians. The heights on the west side of the 
Great Glen affect a general parallelism to this raUai 
sad are continued S.W. into Miill; over the counties 
to the N.W. no true continuity can be traced tin- 
heights decline toward the K.E. ; and northeast 
Sutherland and Caithness arc comparatively k^cl 
East of the Great Glen the line of heights is ton 
tinned throngh Jura and Isliiy on one side, through 
Cantiro and to tlic banks of the Clyde on the otlit^r 
The rocks which drop into the sea at the ix 
tremity of Cantire are resumed on the opposite 
coast of Antrim, in the same relative jxisition 
under the same as2>ect and mineral character vith 
the same dip and strike, and are continued through 
the north-western counties as far as the northern 
shores of Galway bay. Now the rocks forming the 
Scottish Highlands are of the same mineral t}pc is 
those of Scandinavia, and have a strong resemblance 
to them in the particulars just stated. Thus the 
great irreguhtr and broken zone, from the Whttt. sea 
to Galway bay, is of one mineral typo. 

IrELuISD. 

48. — Ireland may be described in a general way 
as having a level and low interior, and an elevated 
bttfder all round towards its four seas. The higheit 
moontain group is at the extreme S.W. in thi. 
oodh^ of Kerry, and from this as a centre ranges of 
hilla stretch along the eastern and ivesteiTi coasts 
the hills are in isolated groups rather than conneiU d 
di^bs, and the central plain is broken by vhort dc 
taehed ranges less elevate<l than those upon the coast 
Tliolctter, from the extremity of Kerry to tboS suit. 
of DoUin bay, are nearly continuous. Interrupted 
for a Bjmce in N. Dublin and H. Louth they rise again, 
and high groups are found near the sea from \ 
Loath to the northern extremity of Antrim. In this 
eoonty, through an extent of 60 miles, the lofty 
nngM pressing dose upon the shore fonn, in their 
hi^ mural precipices of white clialk and bhi.k 
banlt, with salient angles and rc-entcri.ig bays the 
finest piece of coast scenery in the United Kingdom 
On the opposite side the continuity of high ground 
!• broken by the low sea coast of Clare, from the 
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of it the surface is broken into irregular plntforma 
with terraced sides, giving effects of tlio most 
picturesque character. The under-cliff district, 
rcmorkablu for ite warm, sheltered situntion, is due 
to an enormous subsidcnco ; and the islnnd in every 
part bears the evidence of n great convulsion 
subsequent to the formation of the newest beds. 

The Long Island. — Tliia singular group comprises 
the Lewis, Harris, N. and S. Uist, BenbeeuUi, and 
many otberB. Several of them are connected at low 
water, the narrow channels between being then 
passable. The present osijocts have been brought 
about by a general subsidence, which is lielieved to 
ho still going on. The name is thus very expressive. 
Harris and S. Uist have mountains reaching 3000 (t. 
and 2760 ft.; the others ore comparatively low. 



Skye, HoU, ftc. — These, with dependent smaller 
isles, are often called the Inner Hebrides. Skye has 
a group of high mountains in the S.E. called the 
Coolin hills, the most wild and picturesaue in the 
British Isles, or perhaps in Europe. The eastern 
shore is bold and lofty ; the rest of the isUnd con- 
sists of bleak moorlands little elevated above the 
sea level. Highest point of the Coolin hills, ScuiT- 
na-Gilean, 3200 ft. Midi is a mass of mountains ; 
liighest point Ben More, 3178 ft. 

Arran has a group of most picturesque mountains 
in its north part, to which the Coolins only in 
Britain are superior; highest, Goatfell, 28G5 ft. 
TliQ rest of the island is a rolling broken plateau of 
considerable height, and covered with moors; the 
maritime border has wondrous beauty. Bate is a 
low and fertile island. Ailsa is a single cone of 
igneous rock rising out of di'cp wal«r in the middlo 
of the Frith of Clyde, elevation 1 1 U ft. 

Orkney ajid Shetland. — These islands present 
steep rocky fronts to the surges of the Atlantic, and 
liave gradual slopes eastward. Thry consist mainly 
of irregular rocky moorlands little elevat«d above 
the sea; the highest point being in Mainland of 
Orkney, and no more than ICOO ft. in height. 

60. Coast Outlines. — The coast outlines are ra- 
markably contrasted on the E. and W. sides of the 
British Isles; on the cast they are little broken, 
partly from the more uniform hardness of the rocks, 
but mainly from the lesser force of the waves in the 
narrow and shallow German Ocean, than in the 
Atlantic under the unbridled fiiry of the western 
storms. The depth of water along the shores, as 
exhibited on our map by the two linos of soundings, 
stands in interesting relations to the form of coast 
line, and we shall see further on how these same 
outlines are related to geological structure. 
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6L Oeneral Conditions.— The causes wluch de- 
termine the distribution of heat, and give us our 
actual climat«s, arc various and complex. If the 
Earth's surface were uniformly covered with water, 
or if it were a continuous mass of level bnd, the 
lines of equal temperature would be everywhere 
parallel to the equator. But the floor of the atmos- 
phere varies everywhere— part of it rests on a fluid 
base, part on a continental. The oceanic bases aro 
of different furms and in different jxisitiuns, an<l the 
continental masses vary in their iihysical conditions: 
Bomo covered with vegetation, as Europe and America; 
othGTS, as large tracts of Asia, Africa, and AustraUo, 
consisting of arid plains. Tliere arc besides hemi- 
spheres of "most laud" and "most water," vast 
bodies of warm and cold wat«r circulating in the 
oceans, and on the contineDts huge elevated masses 
in mountains and plateaux. The air itself retains 



very little of the Sun's heat which passes through 
it ; its temperature is derived mainly from the Earth 
by radiation of its heat thus rendered more nbeorb- 
able, and by constant contact with a surface so 
heated. Placed in this air, breathing it, moving 
in it, surrounded on all sides by it, man depcniu 
upon its changing conditions for his life, health, 
and comfort — not less essential is it to all animals 
and plants, the temperature of the ground affecting 
animals but little, and acting in a slight degree 
only on vegetable life. The constitution of the 
atmosphere complicates greatly the effects due to 
the surface on which it rests. The aqueous vapour 
which it contains has a different relation to neat 
from the air itself. While both are highly elastic 
and capable of immense dilatation, the one incapable 
of being reduced to a liquid by any di^ree of cold 
or pressure yet known, the other liquefying readil/ 
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by natural means. The extreme mobility of the air 
caoses a change of condition, originating in a par- 
ticalar tract, to be propagated far and Avide, inter- 
fering with and masking the effects due to causes 
there operating. These considerations shew that 
there must be great difficulty in assigning the true 
causes of changes, and in arriving at general laws re- 
garding them. It is only of late years that some such 
laws mive been deduced mainly by the researches 
of Humboldt, and a comparison of the combined 
system of observations established through his influ- 
ence by the principal maritime nations of the world. 
52. Isothermal Lines. — The lines upon a map 
or globe, which graphically represent climate, are 
isothermal lines, or lines of equal warmth, whose 
position has a certain proximate dependence upon 
that of the equator of the Earth, and a certain 
rough resemblance to parallels of latitude. Of these 
there are several systems — the yearly isothermals, 
which represent the mean annual-temperature of the 
])laces through which they pass. These, however, 
do not express with precision the adual climate of 
a place, since an excessive climate, with seasons 
strongly contrasted, might give the same mean as 
an insular climate in which the seasons are of an 
equable character. In fact, the details of which the 
means consist must be known in order to ex|)ress 
the actual climate. Isotheral and isocheimunal 
lines, or lines of equal summer and equal winter 
temperatures, more nearly represent the climates 
of the places through which they pass. The monthly 
isothermals accomplish this object still more per- 
fectly, and are in fact the true climate lines of the 
globe; monthly temperatures deduced from daily 
observations, are dependent on atmospheric aflections, 
varying from day to day with the direction of the 
wind, the quantity of rain, and the state of the 
sky as to cloud and sunshine. We have made the 
nearest approach to this that was possible for us, 
by grouping the months in terms of three each upon 
four maps, Plates X. and XI., thus placing the seasons 
in direct comparison at different places, and enabling 
the student of these maps to realize more easily the 
main conditions of life than he could do from the 
monthly isothermals. Each line is constructed to 
represent the mean temperature of the tliree months 
in degrees of Fahrenheit. There being notliing else 
upon the map, there is no possibility of confusion, 
and a careful study of these lines will convey more 
information than a lengthened description. It is 
thus unnecessary to do more than indicate a few 
points of interest. — Most of the lines, at all seasons, 
depart widely from the position of parallels of lati- 
tude. The isotherms of 59^ and 68^ in spring, 
that of 68** in winter of the northern hemisphere, 
and that of 50° in winter of the southern hemisphere, 
which passes through Melbourne and Monte Video, 
are perhaps the only ones which approach such a 
position. The inflections of the others under different 
meridians, shew how influential are other causes than 
distance from the equator. The inflections in the 
northern hemisphere in winter are the most re- 
markable of any. Of these striking examples are 
seen in the isotherms of 32^, U®, and 5*^; their steep 
ascent and descent on either side of an axial line 



running up the Atlantic N.E., manifestly point to 
a great source of heat in winter in that ocean, in 
virtue of which Bear Island, in lat. 75°, has a winter 
temperature like that of Quebec in lat. 46°, and the 
mouth of the Ural in lat. 47°. The descent of 
these lines so far into the hcjirt of both continents, 
and their ascent on either side, shew in a striking 
manner the contrasted winter temperatures of the 
land and sea; the higher latitude reached on the 
west coast than on the east, the superior warmth of 
the former. At the other seasons, especially in 
summer, the lines are all flatter and the conti-asts 
less. The inflections at all seasons shew the irregular 
decrease of temperature towards the poles. 

53. Normal Temperature— Thermic Anomaly. — 
The approach to a mean decrease is more remarkable 
in some parts and at certain seasons than at others. 
Such a mean decrease, or, which is the same thing, 
the temperature due to the latitude, has been de- 
termined witli tolerable accuracy by the researches 
of M. Dove. This is the normal temperature^ or that 
which a place would have, if its temperature, now 
variously distributed, was distributed uniformly. 
The thermic anomaly is the difference between the 
normal and actual temi>erature. In North America, 
the thermic anomaly varies in different parts from 7° 
to 11° F., that is, the winters are by so much colder 
than they ought to be for the latitude ; but the 
summers have not a much greater degree of 
warmth, only 4° or 5° F. in the northern part of 
the United States. If the globe be supposed to be 
divided into two unequal parts by the tropic of 
Cancer, the land masses north of it have on their 
western coasts a temperature in excess of the normal 
temperature, those on the south of it a temperature 
on their eadem coasts in excess of the normal; while 
the east coasts of the northern masses, and the west 
coasts of the southern masses are colder than the 
normal. * In the hearts of the continents, the usual 
rule is, that the temperature of winter is below the 
normal, and that of summer above it. 

54. Temperatnre of Whole Earth. — That the 
temperature of the whole Earth is not the same 
from mouth to month will be obvious, if we con- 
sider that its variously constituted surface is differ- 
ently placed to the Sun in the different months. 
The southern hemisphere of water affects the 
temperature of the air differently from the northern 
hemisphere of land. The mild winter of the southern 
hemisphere, which has "a sea climate" or "insular" 
climate, plus the hot summer of the northern 
hemisphere, which has a " continenttil " climate, give 
a higher sum of temperature than the cool summer 
of the southern, plus the cold winter of the northern 
hemisphere. In fact, the temperature taken generally 
increases from January (summer in the south^ to 
July (summer in the north) by about 8° F., wnich 
has been determined thus : — The mean temperatures 
for the two hemispheres are, northern, July 70° '9, 
January, 48°'9, mean 59°-9 ; southern, January 
59°-9, July53^''G, mean 5G°-5; whole Earth, July 
(70°-9 + 53°-G) ^ 2 = G2"-25, January (48°-9 + 59°-5) 
~2 = 54°-2; difference 62°-25- 54° -2 = 8°-05F. for 

• Sir J. Herschel, Pkyi. Gtoff., Art. 252. TUflw cooiruU art caxumd 
by Uie direcUoa of tho ocean ourrouU and inMl« wiudt, q,ff. 
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the whole Earth, and mean for the whole Earth 
58° -225 F. The cause above assigned woidd be 
more influential but for the greater nearness of the 
Earth to the Sun in the montli of January. 

The Sun crosses the Line on March 21 and 
September 21, yet the maxima temperatures do not 
occur then, but later, in April and November, the 
effect accumulating with time; the minima are in 
July and December. The mean temperature of the 
whole terrestrial equator is calculated at 79^*8 F., 
but the warmest parallel is that of 10 * N. ; and 
there May is the warmest month. From lat. 40'' 
N. to the pole, July is the warmest month; in 
lat. 30° N., August is the warmest; in lat. 20° N., 
the two are equal. The temperature of the pole 
in July is 30°-6, in January -20^*6, mean 2^' F. 
In July, the equator is 48^ warmer than the pole, 
in January 10G° warmer. These values for the 
polar temperature are estimates merely, derived 
from various considerations, as no one has ever 
reached nearer the pole than about 500 miles 
distance. — The actual pole may not average less 
than 15« F. 

From the equator to lat. 40"^ S., the southern 
hemisphere is colder than the northern ; but it has 
not yet been made out that the rule holds forhigher 
latitudes, though many facts point in this direction; 
such as the terrible severity of the climate about 
Cape Horn in the latitude of E<linburgh, and the 
descent of snow during most of the year to the 
sea-level in S. Shetland, S. Georgia, and Cockbum 
island, which lie in a latitude between that of the 
Orkneys and the mouth of the Tees; and whose vege- 
tation consists of one grass, two herbaceous plants, 
and the rest mosses and lichens only. 

65. Bange of Temperature.— The limits of the 
fluctuation of temj)erature constitute what is called 
Itange, and would be graphically expressed by the 
directions of the isotheral and isocheimonal lines for 
any place or parallel of latitude. Range is an 
essential element in the character of a climate, 
especially as regards its relations to the human 
constitution. Insular climates have a small range, 
continental large. Even in January we can pass 
from the Shetland isles to the English channel 
without changing the temperature. West of this, 
in Cornwall and the S. of Ireknd, the temperature 
is higher in winter, and here therefore is the best 
winter residence for invalids ; the difl*erence of the 
seasons is reduced to a minimum. At Dublin, the 
mean summer and winter temperatures are 59° -8 F. 
and 41° F., range 18°-8; at Yakutsk, in the same 
latitude, the range reaches the fearful amount of 



106° F., the extreme temperatures being 62° '2 ia 
July, and -43"^ -3 in January. In the Friendly isles, 
summer and winter difier only by 2° F. Places 
of like ran^e have been connected by a system of 
lines called Range Lines. These intersect the 
western coasts of the continents at higher northern 
latitudes than the eastern, for the reason already 
assigned. 

56. Spaces of Greatest Heat and Cold— Poles. — 
From causes which in many cases are very obscure, 
certain tracts of the Earth's surface of limited extent 
have temperatures greatly in excess or deficiencr of 
others adjoining. Thus the hottest part of the globe 
is a tract comprehending E. Africa and Arabia, whose 
limits vary beyond these boundaries in spring and 
summer, as marked on our map, and where the 
temperature ranges from 86° to 95° F., and in spots 
peculiarly situated reaches 100°, and even 130°. 
Thus Dadur, near the Indus, at the entrance of the 
Bolan Pass, has often a temperature of 130° F., owing 
doubtless to the station lying in a hollow among 
white hills. A thermometer in the shade at Mourzuk 
in Fezzan often shews 132° F., which Humboldt 
explains by supposing that the air is full of hot 
particles of sand, which act as centres of radiation. 
In S. Russia, temperatures of 100° to 110° are some- 
times noted. At Frankfort-on-the-Maine, we once 
experienced in July a temperature of 100° F. in the 
shade, in a place quite screened from solar influence. 
— The coldest tracts on the globe are defined by the 
inflections of our winter isothermals in the Arctic 
regions. They lie on opposite sides of the north 
pole, which is warmer than either. The Siberian is 
colder than the American region, the one being 15° 
and the other 13° below the normal temperature. 
The small space of maximum cold within this tract, 
or, as it is called, the focus or pole of cold, is dis- 
placed from the Asiatic side in January to the 
American in July, and returns again to Asia in the 
second half of the year. It thus oscillates round a 
mean position. The American focus is in lat. 
65° N., Ion. 96° W., the Asiatic in lat. 61° N., Ion. 
122° E.; the cold of this latter is probably due to 
the lofty mountains to the south (Art. 22); that 
of the former to the constant currents of icy water 
out of Behring's Strait. Occasionally in other places 
even lower temperatures are experienced than any 
recorded within tliese tracts; -120*' F. has been 
noticed in Siberia, and — 70* in the Arctic Ocean. 
These extreme temperatures are not of course 
recorded with quicksilver, which freezes at - 37° '9 F., 
but with pure spirit of wine, which has never been 
frozen by any degree of cold. 
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57. Trade Windir— The range of the isotherms 
along the surface of the globe shews us that there 
is at all seasons of the year a broad zone in the ; 
equatorial regions having a temperature not less 
than 77° F. The limits of this zone vary with the 
Sun*B declination (Art. 54), oscillating backwards 
and forwards obedient to hu movements. The air 



in contact with it is greatly heated at all timcH, in 
rarefied and becomes lighter ; and so is constantly 
rising into the higher regions of the atmosphere, 
and flowing outwards north and south toward tlie 
poles. To restore the equilibrium the cold air of 
the polar regions flows in at a low level towards Uie 
equator; just as we see, when we o^)en the door of a 
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heated room, that the flame of a taper is blown 
outwards at the top and inwards below. A difference 
of temperature establishes these two great primary 
currents, on which depend the Trades, and other 
phenomena of the winds. Now, the entire mass of 
atmosphere, reaching to a distance above the Earth's 
surface equal to one-eightieth of its radius, is con- 
strained to move bodily with the Earth, partaking 
of its movement of rotation; which is greatest at 
the equator, and gradually diminislies to nothing at 
the poles. Thus, a point on the equator moves at 
the rate of 17 miles per minute, and one in the lati- 
tude of 60° at 8 J miles per minute ; and in the 
higher regions of "the atmosphere, the rates will be 
a Uttle greater. Within the polar circles, then, the 
air has a relatively small velocity of rotation east- 
wards, and being transferred towards the tropics in 
the direction of a meridian, is moving eastwards 
much more slowly than bodies upon the Earth's 
surface, and will lag behind, or drag upon them, 
with a westerly tendency. These, therefore, strike 
against it toward the east at a velocity equal to 
the difference between their own rate of rotation and 
that of the air over them ; and in virtue of this 
compound motion, the southerly tendency combined 
with the westerly, the direction of the wind is imvard 
the south-west or from the north-east on the north 
side of the equator, and toward the north-west or 
/ram the south-east on the south side. The reason 
why the tendency to these directions does not 
manifest itself farther from the equator than about 
lat. 39° to 30° probably is, that the polar currents are 
at first at a considerable height in the atmosphere, 
and do not descend to the surface till the iTidraught, 
a little beyond the outer limits of the torrid zone, 
begins to act very strongly. The rarefaction of 
air about the equator occasions a diminished pressure 
and great indraught; there is a diminished pressure 
also towards the poles — amounting in the Ajitarctic 
Ocean to fully one inch — due to the partial vacuum 
produced there, as being the apices or central parts 
of the great vortex in which the atmosphere is 
revolving; the centrifugal force of the revolution 
tending continually to cause a partial withdrawal of 
the air from those parts of the rapidly whirling mass. 
Neither cause acts towards the tropics, and so the 
air has there a greater, or about the normal, pressure. 

The N.E. trade extends in the open Atlantic, as 
a rule, from lat. 9° N. to 30° N., but has been met with 
as far N. as lat. 39^ N. ; in the Pacific, from 9° N. 
to 26° N. The S.E. trade in the Atlantic ranges 
from 4° N. to 22^ S.; and in the Pacific from 4^ N. 
to 23^^ S.; but the limits advance a little both ways 
with the advance of the sun into each hemisphere. 
The oscillations for the seasons are shewn upon two 
small separate maps. The S. or equatorial limit 
of the N.K trade shifts with the seasons from 
6« 15' N. to 11^ N., and the N. limit of the S.E 
trade from 2** N. to 3<> 15' N., so that the 
dividingor medial line is always N. of the equator. 

58. Honfloons. — ^The other great intertropical 
ocean is so peculiarly placed in relation to land 
masses, that the constant winds which ought to 
Idow there, as in the Atlantic and Pacific oceans, 
are, changed in character by the local conditions; 



and the wind which would otherwise be constant is 
constrained to become periodic — the trade wind 
passes into a monsoon. The monsoon is a periodical 
wind which blows up and down the Indian Ocean 
alternately for six months in the year. It is 
generated by differences of temperature in the 
atmosphere. When the Sun crosses the equinoctial 
(March 21), the mass of atmosphere resting on S. 
Asia begins gradually to acquire a high temperature 
from the heated surface of the Earth ; the air o\er 
this ascends, the barometric pressure is reduced 
half-an-inch, and the cold air from the southern 
hemisphere, where it is winter, rushes in to supply 
its place, and continues to blow during the sum- 
mer. This would produce a south wind; but as 
the moving body of air comes from a part of the 
globe where the axial motion is quicker, it tends 
to make the air amid which it comes move quicker 
towards the east, that is, instead of being a S. wind, 
this easterly tendency, combined with the northerly, 
produces a wind moving N.E., that is, a S.W. 
wind. Near the coasts, however, the direction is 
modified by the indraught of heated land. Thus, 
on the coast of S.E. Africa, the monsoon is a S.R 
wind ; on the W. coast of Australia, S.S.W. and 
W.N.W.; on the Malabar coast of India it is a 
S.AV. wind; on the Coromandel coast a S.E. wind; 
all along the S. coast of China, and far into the 
interior, it is a S.W. wind, and the arrangements 
of the Chinese farmer are made in expectation of 
its punctual arrival. The change to an opposite 
direction takes place about the autunmal equinox, 
when the ^ Sun re-crosses the Line; the monsoon 
then becomes a N.E. wind, or tnie trade, during 
the winter of Asia, and will manifestly be a much 
drier wind than that from the S. The approaching 
change, or " shifting of the monsoon," is indicated 
high in the atmosphere by an opposite " carry ** of 
the clouds many days before the wind ch&nges on 
the surface. When, at length, the two currents 
intermingle, violent storms, and often hurricanes, 
are produced. These occur of even greater violence 
at tne change in spring; the equilibrium of the 
atmosphere is disturbed far and wide at both seasons, 
the disturbance being intimately related to the 
"equinoctial gales ' of the temperate zone. The 
navigation of the China Sea and Indian Ocean is 
arranged with reference to the monsoon. The fleets 
homeward bound take their departure when the 
storms are over, and the N.E. monsoon fairly 
established. Thus, vessels leave the Cape for India 
and China in April, and in October start on their 
homeward course. — Similar monsoons prevail, though 
of more limited extent and less regular, on the \V. 
coast of Central America, S.E. coast of Brazil, and 
S.W. coast of Africa; the latter being of the utmost 
benefit to navigation in carrying vessels across the 
" Doldrums," or zone of equatorial calms. The word 
Monsoon is said to be a comiption of the Arabic 
word Mansim, a set time or season. 

69. Variable Winds. — Tlio winds of extratropical 
regions are variable, " whirling about continually;'' 
averages of their directions shew that they have 
a greater tendency to blow towards the poles than 
from the poles, and that of the former by far the 
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most prevalent is a wind from S.W. or AV.S.W. 
The reason is obvious. The equatorial return cur- 
rent, or anti-trade, flowing N. and S., has a higher 
rotatory velocity than the air amid which it is 
being constjintly transferred ; lience it does not keep 
on the same meridian, but mclines continually more 
and more to the eastward, and when it descends 
toward the surface outside the tropics, as yet little 
affected by friction, owing to its height, it has a 
powerful tendency eastwards; this combined with 
its northern tendency produces a wind moving 
N.E., that is, a S.W. wind. This is the origin of 
the prevailing westerly winds, and of the gales and 
storms from the S. and W., which fai- surpass 
those from any other point of the compass. The 
local varjring winds of temperate regions seem all to 
occur in a low stratum of air which moves slower, 
owing to friction and impulses on the earth, than 
the air above, and ilows to the jioles to supply the 
vacuum caused by the vortex due to the centrifugal 
force of its revolution. Over this lowest stratum the 
polar current flows toward the equator as a return 
current. Retarded by mixture with the lower cur- 
rent, by coming against mounUiin ridges, and by 
being occasionally dashed to the Earth's surface, 
it yet still receives from above fresh accessions of 
rotatory motion in advance of the Earth's axial 
motion, the upper equatorial current bringing such 
"with it ; this middle current thus moves faster than 
the lower, and has more centrifugal force tending 
to make it move towards the equator ; for want of 
such centrifugal force the lower current moves 
towards the regions of diminished pressure in the 
centre of the great vortex, that is, towards the j)oles. 
— Prof. J. Thomson in Brit, Assoc. Report ^ 1S57, It 
was found by Mr. Glaisher in all his balloon ascents, 
that when a wind was blowing at the surface, the 
velocity was much greater aloft than below. 

The prevailing wind and that which brings the 
heaviest storms in the southern hemisphere is for 
a like cause the north-west wind. The primary 
tendency of the equatorial return current is toward 
the south, while the excess of rotatory velocity gives 
an easterly tendency; these two produce a N.W. 
wind. The currents of the two trades meeting 
towards the equator neutralize one another, and 
produce a region of calms; from this the air ascends 
to begin a new circuit. But as the thermal equator 
is many degrees north of the geographical equator, 
so it liappeiis that the south-east trade crosses the 
equator into north latitude in our sunmier, to return 
again during the summer of the southern hemi- 
sphere. The zone of calms is 1® to 5^ broad, stretch- 
ing across both oceans nearly parallel to the equator. 
It is a cloudy region, of low barometric pressure, 
with daily heavy rains, and frequent severe thunder- 
storms. 

The prevailing south-westerly winds of the 
northern hemisphere manifest their force and con- 
stancy in producing frequent storms in the North 
Atlantic, and in retarding the passages of ships from 
Europe to the United States, and in accelerating 
the homeward vogage. Professor Ehrenberg has 
ascertained that the red dust which falls on shijxs in 
the Atlantic^ along the south of Euro|>e, and as far 



north as the TjtoI, consists of minute infusorial 
animalcules and other organisms belonging to 
equatorial America, borne up with the ascending 
equatorial air, and wafted aloft on the return cur- 
rent. This current reaches the British isles, "While 
other winds are blowing at the surface, a current 
comes steadily from the south-west for several days 
at a great height; and when indicated by small 
roundish masses of cumuli, thin at the edges and 
touching one another at the circumferences, is 
accompanied by a very high barometer. Gradually 
descending, it mixes with the surface current ; the 
cumuli are resolved into a thick background of cirri 
and cirro-strati; the barometer rapidly descends, and 
gales of wind, with he^ivy falls of rain, follow. 

There are but two normal winds in the northern 
hemisphere, the south-west and north-east; the others 
are local or transition winds. The north-east polar 
current tends continually to bend round to the east, 
so as to become an east wind ; and the south-west 
return current, <is it advances north, tends more and 
more to assume a direction from due west. Tliis 
seems to be the reason why, in the northern part of 
the temperate zone, the winds move round from 
south by west to north, and from north by east 
round to south. In the southern hemisphere the 
order of progress is the reverse. The efiect is due 
to friction. 

The land and sea breezes on the shores of tropical 
lands, alternating during the night and day, arise 
from the diflerent relations to heat subsistent between 
land and water. In our own latitudes, in hot 
summer weather the same phenomena are observable 
on open coasts. Variable winds are referrible to 
many local causes — a rainfall in some adjoining 
tract will cause a wind towards it; the formation 
of cloud over a particular district liberates latent 
heat, and a rarefaction of air is produced, which 
gives rise to a breeze or gale according to the 
amount of heat liberated. The spring east winds of 
Great Britain are a branch of a great current setting 
S.W. towards the heated tracts of S. Europe, from 
a region of cold, and high barometric pressure, in 
Russia. — We do not as yet by any means understand 
all the causes of the variations and sudden changes 
which we experience ; but we have entered now by 
means of our various combined observations, and 
the admirable telegraphic correspondence in regard 
to storm-warnings by the Meteorological Office, upon 
lines of enquiry which cannot fail to throw great 
light upon this most obscure and difficult subject. 
If the lines of equal barometric pressure all over 
the globe could be laid down Uko the monthly 
isothermals of Humboldt and Dov6, we should havo 
a nearly complete theory of winds and storms. 
" Tliey would mdeed furnish the key to all questions 
of meteorological enquiry." Such a systen^ of lines 
has been proposed by Mr. Buchan of Edinbuigh as a 
first approximation, and is given in three charts in 
his work on Meteorology. He has been the first to 
set forth such a scheme, and to fsuie the extraordin- 
ary labour of working out all the reductions required 
upon a vast mass of observations. (See also Trans. 
KS.E,, 1868.^ 

Many of tfie "variable" winds are yet of such 
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constant occurrence in particular tracts of country at 
certain Bcasons, that special names Iiave been given 
them. The Sirocco of Africa blows off the hot 
deserts towards the N.; it cTOSses the Mediterranean 
in a broad belt traversed by the mail steamers, and 
reduces the passengers to a fltate of laugourand 
listlesaness, putting a stop to all enjoyment; it is 
grievously felt in Malta, Sicily, and S. Italy, and in 
the S. of Turkey, where it is called SamkI; and its 
effects are felt even as far north as the Alps and the 
Black and Caspian Seas. It blows often with much 
force, and carries along a great quantity of fine sand. 
— ^The Harmalian is another hot wind blowing from 
the Sahel out to sea between !at. 1° S. and 15" N. 
(Art 29). The K/tavistn is a hot wind of Egypt, 
which blows from the end of April till the middle of 
June, or 50 days.^Tho Sim(Knn is a similar hot and 
sufforaling wind of the Ai'abi^n and Afiii;an doa'i'ts; 




it often reaches the force of a tempest, and lasts from 
C to 24 hours. — The SvlaM of S.W, Spain is a hot, 
dusty S.E. wind of the summer season, — The Mistral 
of rVance is a violent and steady N.W. wind blow- 
ing upon a tractoflow pressure over the Gulf of Lion 
luid N.W, Italy. — The £crra is a similar cold and 
violent wind, which blows from the Alps upon the 
Gulf of Venice, and is probably the "Euroclyd( 



of St Paiil'g 



voyage 



— Tlie Etesian winds are the N. 



winds of summer m S. Europe, blowing towards the 
henlod surface of Africa ; a more violent wind further 
E. ia called a Levanter.— The Pampero of liuonos 
Ayres is a violent W. and N.W. wind of summer, 
which swoops the pampas from the Andes to the 
ocean, ending in violent thunderstonna ^Art. 44 e.) 
— ThoPuno of the west coast of equatorial America 
is a violent wind, thought to bo an ovcrHow from a 
region of high pressure in the S. Atlantic to one of 
low pressure in the N. Pacific On descending from 
the Cordilleras, it is tlie most arid wind known— 
under it a dead mule is speedily converted into a 
mummy, and the theatre of its action was chosen 
by the ancient Peruvian for the interment of their 
dead. 

60. Hnrricajiea and Cyclones, — The hurricanes and 



cyclones of the American sea-board and Indian Ocean 
are thought by some to be due to a sudden descent of 
great bodies of the return current among the moving 
air of the Trade. This descent might be produced 
by several causes, a great rarefaction in a particular 
tract on the surface, or a heavy rainfall; the eaccas 
of velocity, especially if the transference be sudden 
and there be other currents at the surface, might give 
rise to most powerful movements, and that rapid 
whirling or vortex motion noticed in all the tropical 
hurricanes. A sudden ti-ansferenco in lalilude might 
produce similar cfl'ects, owing to the different rates 
of rotation. It has also been supposed tliat tlieso 
stonns may originate in the impact of the polar 
current descending along the Kocky Mountains, and 
crossing thence over the United States, against the 
return current from the aouth-weat. Vanous other 
llicories Iiave been framed to account for these 
singular and destructive storms. 
They originate cast of the Lesser 
Antilles, and move first towards the 
north-west; beyond Florida they 
bend round and travel in a parabolic 
curve nearly in the direction of the 
Culf Stream, and end near its great 
defiection, between tlie Bermudas 
and Halifax. While the centre of 
the cyclone, or mass of moving Mr, 
ll us advances, its parts rovolvo 
bout a \i^rlical axis, so that tho 
1 rection of tho wind varies con- 
t n ally There is a calm round tho 
centre for many miles, and outside 
of llua tho wind blows with great 
f ry the velocity decreasing towards 
tl c circumference of the gyrating 
mass The direction of the rotation 
1 tho northern hemisphere ia con- 
trary to tho movement of the hands 
of a watcli, so tliat on the S, side 
of the circle tho wind blows from 
the west, on the cast side from the south, and so on. 
In the sonthem hemisphere tho direction is the re- 
verso of this, being conformable to the motion of tho 
hands of a watch. Tho knowledge which h.is of late 
years been diffused regarding cyclones, has been of 
the utmost use to navigation. Prom our diagrams 
it will be seen that the sailor can easily ascertain tJie 
position of the centre, in relation to his own place, by 
observing the direction of tho wind, and the way 
in which it veers round ; on tikis knowledgo his 
measures are taken for tho safety of his ship. 

The path of the centre is usually a parabolic curve 
(see Map); tho storm area is often 500 to ICOO 
miles wide, often lOU to 150 only; near the centre 
the pressure is often as low as 27 inches. If the centre 
be not very distant tho wind will blow right towards 
it ; but if the distance bo considerable, and one etjuid 
with his back to the wind, the centre will be towards 
lib left hand; that is, the wind will blow towards n 
[Joint to the richt of tho centre. It is found, for 
example, that when tho centre of one of tho Atlantic 
storms that cross N.E. from the S.W. of Ireland is 
over Liverpool, the wind at London is a little W. 
of S,, instead of being nearly S.E. or toward tho 
centre. Hence, if the path of tho centre and ita 
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velocity be known, the direction at any port can 
te predicated. This rule holds for the northern 
lemisphere, and is that which is followed in steering 
a ship out of the course of the storm. The typhoonB 
of the China sea travel from RN.E. to W.S.W., and 
are probably duo to an interference between tho 
current of the Ij.W. monsoon and that of tho N.E. 
trade of the Pacific; they are most severe in tho 
hottest months of summer. The cyclones of India 
originate in the E. part of the Imy of Bengal, and 
advance towards the mouth of tlie Ganges, The 
cyclones of the Indian Ocean S. of the equator 
travel W.S.W., turning to S. and 8.R; thoy have 
their origin In the region of calma dividing the two 
trades of the S. Indian Ocean, that is, the N. or 
N.W, wind which blows in tho summer of the 
Bouthem hemisphere off S.W. Asia and S.E. Africa, 
and the S.E. trade of the E, part of the Indian 
Ocean. (See Map.) Tliere is great uncertainty here 
ini-egard to the position of the centre, and the safest 
course is to lie to till tliia can be found, or till the 
Btorm passes. 

In ordinary storms in this country it is not so 
much lowness or a sudden fall of the barometer that 
indicates their approach, as a great difference of 
pressure at places not far removed from one another. 
A difference of 1 inch in 150 to 200 miles is sufficient 
to produce a storm of great riolence. Such storm 
Way rage at one place, while at tho other it may bo 
calm or only a light wind. Tho early morning and 
forenoon were quite calm at GlaBgow,and tho previous 
night had only occasional sUght gusta from N.AV., 
just audible in the chimney tops, while tho "Koyal 
Charter" was perishing in a terrible gale ou the N. 
coast of Wales. 

61. Velocity and PreBBure,~The pressure of the 



wind on a given surface and velocity per hoar luTS 
been determined by various observations and 
mechanical contrivances to which we cannot hero 
advert ; and these elements are so related that ono 
being known tho other can be approximately found. 
Thu>j, if P and V be the pressure and velocity, we have 
F^v^x -005 and v = /(200 x p). A scale of velocity 
has been adopted for the sake of mutual under* 
standing among observers, the numbers running from 
to 6. 

A calm, 

Light air, ... (-5) p- -25 lb., t= T'l^gSr 
Light breeze, ... (1) p= lib., v = 141 „ 
Gentle breeze, (I'S) P= 225 lbs., v= 21-2 „ 
Modc-rato breeze, (2) P- 4 lbs., v = 28-3 „ 
Fresh breeze, ... (2S) P- 6'25 Iba., v = 35--l „ 
Strong breeze, (3) P= Olbs., v = 42'4 „ 
Moderate gale, (3'D) r = 1225 lbs., v - 49-5 „ 
Fresligale, ... (1) P= IG lbs., v = 5GC „ 
Stronggaie, ... (4-5) p=20-25 lbs., y = 63C „ 
Whole gale, ... (5) p= 25 lbs., v = 707 „ 
Storm, ... (5-5)p=30-25 1b«., v = 77S „ 

Hurricane, ... (6) P= 3G Iba., v = 84-8 „ 

A velocity of 100 miles per hour corresponds to 
about 50 lbs. pressure. The average of storms in 
this country is 20 to 30 miles per hour, and sometimes 
54 to 75; but in onr worst nurricanes occurring at 
rare intervals, 100 to 120. The tropical hurricanes 
reach 120 to 130 miles per hour. \Miile the centre 
of the gyrating mass in a cyclone is advancing at 
the rat« of 20, 30, and even 90 miles per hour, the 
rato with which the winds whirl spirally round upon 
the centre has been determined to be from 80 and 100 
to 120 and 130 miles per hour; the indraught towards 
the centro or direct wind is seldom so much as this. 
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63. Bain.— The quantity -of rainfall in different 
parts of the earth has, speaking generally, a direct 
ratio to heat; it is greatest in those regions where 
the evaporation is greatest; the zone of calms, a 
little north of the equator, is a region of constant 
precipitation. Tlie great power of tho solar rays 
causes a pro<ligious evaporation in this tract of 
ocean ; the vai>our thus formed, as well as that 
brought by the trade winds, which are of different 
temperatures and hold different quantities of vapour 
in solution, is borne upward by the ascending cur- 
nnta, and condensed mto a cloud-ring, or broad 
stratum overhanging the belt of calms. A constant 
■ucceasion of fresh vapour supplied from below, 
and cooled aloft, must necessarily pnxluce a con- 
stant precipitation ; and this, combined with changes 
in the electric t/-neion, causes also a continual succes- 
sion of thunderstorms, which frequently occur above 
the upper surface of the ring. — The ascending cur- 
rents cease towards evening as tho Earth cools; the 
clouds then descend and arc dissolved by the warm 
air, the Sun sets in a clear sky, and the nights are 
■erene and cool — Before mid-day the cloudy ring 
!■ again formed, and the cycle is renewed. 



For the reason already given (Art 54-57), this 
cloud-ring changes its position with the Sun's chang* 
of declination, oscillating from 5" S, to 15" N., and 
giving, therefore, to these latitudes two rainy seasons, 
tho summer of each hemisphere. The change takes 
place at the equinox, when the Sun passes throngh 
the zenith ; tlie rains, however, extend consideraUy 
beyond the above hititudes, chiefly in consequeoce 
of a lateral extension of the upper portion of the 
cloud-ring, partly due to the relief afforded by the 
condensation into rain, and partly to the effect of 
tlie upper return current The average annual 
rainfaU witMn the tropics varies greatly with local 
conditions. Where the trades blow reeularly it ia 
not great, because the vapour of the Tow cnrrent 
is constantly advancing into a warmer ragion and 
being dissolved, while the upper return current 
has discharged most of its vaponr in tho region of 
calms. Tho average is about 95 in., but in many 

Ehices it is far above this. The coast of Senwambta 
as 189, Paramaribo 229, Moranh&o 280, Doldninu 
of the Atlantic 225, VeraCiui 183, Caiaocaa 155, 
Geoi^etown 100, St. Domingo 107, Pemambnoo 
106, Sinc^wre 97, Barbadoea 73 Bio do Jaaeira 
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59, Bahamas 62. The greatest known rainfall in 
the world is on the Khasia mountains, 150 miles 
N. of the head of the bay of Bengal. They run 
E. and W., are very steep to the S., and have a 
height of 4000 to 5000 ft., with peaks about 6000 ft. 
They arrest the cloud-bearing current of the S.W. 
monsoon, and cause a deposition of the enormous 
amount of 540 inches of rain, and sometimes 610 
inches, 500 inches of which fall in 7 months. At 
20 miles N. the quantity is reduced 200 inches, at 
30 miles to 100 inches. The higher parts of the 
current clear the mountains, and are caught by the 
lofty ranges of the Bhotan Himalaya, which, while 
arid and treeless below 6000 ft., above that level 
are well watered, and nourish a luxuriant vegetation. 
The W. Ghauts also receive a prodigious quantity 
of rain. The stratum of saturation ready to deposit 
its moisture on the slightest reduction of temperature 
is here about 2000 ft. above sea level ; but when 
driven by the wind against the wall-like barrier of 
the range fronting W., the rain-clouds rise to heights 
very much greater, and suddenly cooled deposit a 
maximum quantity at 4500 ft. of elevation. The 
quantities at a few stations are as follows : — Uttray 
Mullay 9^ N., at 4500 ft. 263-21 in., at 6200 ft. 
194 in.; Mahableshwar, 18^ N., at 4500 ft. 
254-84 in. ; W. Ghauts generally 82 in. to 101 in. ; 
sea coast 76 in. to 82 in.; at Poonah, 50 miles inland 
and 1823 ft. above the sea, 24 in. ; such is the effect 
of the mountains in causing a deposit of rain. 
Dissolved in the hot air over the Deccan, the rain- 
clouds deposit little on the E. coast, which has its 
rain from the N.E monsoon chiefly. While this 
wind prevails (Oct. — Dec), Madras has 30 inches of 
rain, in the other 9 months only 19 ; Cuttak gets 50 
inches of rain from the same wind, while Aracan, on 
the opposite side of the bay, has from the S.W. 
monsoon 200 inches. A remarkable instance of the 
effect of a range not very lofty in arresting rain- 
clouds is seen m Ceylon. The central N. and S. 
ridge nowhere passes 8280 ft., yet it so completely 
stops the passage of the rain-clouds of both mon- 
soons, that while the country is deluged and the 
rivers brimful on one side, on the other the crops 
are suffering from drought, and a scanty supply is 
doled out to the plantations from tanks filled under 
the monsoon six months before. 

63. Bain of Temperate Regions.— The quantity of 
rain decreases as we recede from the equator, but 
the number of rainy days increases. The average 
number in the tropics is 78 days, thence to lat. 43°, 
80 to 85; from lat. 43^ to 46^ 103 days; lat. 46^ 
to 50^ 134 days; lat. 50^ to 60^ 161 days. St. 
Petersburg, in lat. 60°, has only 17 inches of rain, 
but 169 rainy days; Paris has 22 inches, and 105 
rainy days. ^Art. 9, Europe.) The summer solstice 
is a season of unusual precipitation over the tem- 
perate zone owing to the high limit of the trade 
wind at that period. In N. America the rainfall 
on the W. coast, owing to the direction of the wind 
and conformation of the coast, increases from 22 in. 
at San Francisco to 90 inches at Sitka. The circum- 
stances of the country inland have been noticed 
already (Art. 36-37). The rainfall is greatest in 
the Gulf States, and diminishes northward, Tlio 



quantity is uniform over very large areas, and the 
plains have more than the Allegnany mountains ; 
64 to 50 inches in the S. ; 50 to 36 in the N. 
parts. In the N.E. States the distribution is like 
that of Europe, fall 45 to 27 inches. In S. America 
to beyond the tropic, the rain is brought by the 
S.E. trade, whose influence extends as far as the 
Andes. In tlie narrow southern promontory the fall 
of rain or snow is almost incessant. 

The AV. coasts of Europe present strong contrasts 
to the central and eastern. The W. coast of 
Portugal has 73 to 118 in.; AV. of France 50 to 
70 in.; inland the fall is 30 in.; at Paris 22 in.; 
the plains of G(?rmany and Eussia have 20 in. ; parts 
of Sweden and Eussia only 15 in.; while Bergen 
has 89 in., Upsala has only 22 in. ; and Uleaborg 
13 in. 

In the British Isles the rainfall is most copious 
near the great ocean, which is the main source of 
warmth also, especially near high mountains and in 
deep valleys opening S.W. The quantity diminishes 
towards the centre and E. coast. The greatest known 
rainfall of these islands, and the greatest known 
anywhere, except the few above-mentioned, occurs 
in the lake district of Cumberland. The mountains 
here rise abruptly from the Irish Sea, towards which 
three principal valleys open out. These receive the 
vapour as it is borne inland, and rapidly condense 
it against their continually approaching sides, so 
that in Eskdale one-fourth more falls at the head of 
the valley than in the middle ; at the lower part of 
Ennerdale twice as much as in the open country 
three miles distant S.W. As the heads of the 
valleys are reached a few hundred yards make a 
remarkable difference. The greatest deposit of rain 
takes place 100 yards S. of the top of Stye Head 
Pass at the height of 1077 ft. above the sea. The 
amount here varies from 165 to 224.V inches, and 1 J 
miles K diminishes by 40 to 60 indies. The plane 
of saturation is at 1463 ft. elevation; on the top ot 
Scawfell (3166 ft.) the quantity is only 64 inches. 
The axis of most rain runs from this group by 
Fairfield to Ilowgill Fells. The eastern mountains 
as a rule have about half as much as the western. 
Thus Skiddawat 1677 ft. has 55 inches; Keswick 59 
inches. In regard to other parts of the United King- 
dom it may be stated generally that the fall is from 
40 to 110 in. where hills are near, and 35 to 45 in 
level tracts ; on tlie eastern side 20 to 30 in. Isle 
May has a rainfall of only 1597 in., Durham 
17*76 in.; these are the lowest known in the United 
Kingdom. Tlie follo>ving rainfaUs are the averages 
of many years : — London 23*5 to 25*4 ; Manchester 
36 ; Liverpool 35 ; Glasgow and Baillieston, 43*23 ; 
Paisley 47*62 ; Bothwell 27-58 ; Auchinraith, 
near Hamilton, 3008 ; Cambuslang 29*25 ; Mugdock 
reservoir 48*27; Edinburgh 26*67; Dublin 28*87; 
Belfast 34-96; Cork 40*20; Carlisle 42; London- 
deny 3112; Greenock 62*25. The greatest recorded 
quantities received in any rainfall that are trust- 
worthy vary from 1 to 1| in. per hour. During a 
rainfall, in ascending vertically over any surface free 
from eddies the quantity diminishes by a very small 
quantity as we ascend, amounting to about 08 to '12 
of an inch for 25 ft., but not decreasing regularly. 
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The cause ia obscurp; accretion of drops is iasufficii.-iit 
I to account for the difftrunce. The absolute f|uantUy 
I falling on high grounds in a given time is of course 
greater than at low levels, 

64. Clouds. — Tbo study of clouds in tlieir ever- 
changing forms and beauteous play of colour is one 
of great interest ; but it can only receive beru tlie 
briefest notice. There are three primary and four 
secondary forms, acconling to the classification fir*t 
proposed by Mr. Luke Howard of London in 1803, 
and still retained by meteoroln;^htf(. 1. Tiie Cirnis or 




Curl C'luM-l. It consists of slender filaments stretched 
out at a great height on the backgtound_ of the 
sky, in wavy or twisted, and in parallel or divergent 
forms. It is the liighest and therefore tlie lightest 
of clouds, and niuut often be composed of minute 
ic»-crystals, or of thin snow-flakes. It is chiefly an 
indication of the movements of the equatoiial cur- 
rent (Art, 57); and when it begins to appear upon 
the sky, es]>eoiaIly after a day of N. wind, is an un- 
erring sign of ajtproaching wit and stormy weather. 
Yet it often api)ear8 night after night in calm, hot 
weather, and is dissolved again in the heat of the 
day. — 2, The CumuIiis is the massy and fli-ety cloud 




of the lower and middle sky, formed frfnii the vapour 
sent up from the moistened I^rth by the play of 
the Sun's heat as the day advancM, "at first no 
bigger than a man's hand," but gradually enlarging 
by accretion of fresh vapour, till tho grand features 
of a mountain range are attained. Cumuli sinking 
to low levels, and remaining into the night, often 
give out rain. Fleecy outriders from tluir hides 
announce speedy rain.— 3. The Strah(^ h a iwi- 
tinuous wide-qiread layer of cloud or Aii]'inir, «hos;i 
lower GiirfiU'o rcsl.i on the earth, and which iu- 
creasca from below upwards. It is the cloud of the 
night, as the cumulus is that of the day, and origin- 
ftt<.-s ID tbo condensation of tho mists formed about 




night-fall in low-lying cold river-flats and the bot- 
toms of valleys. In fine weather tho stratus is 
l)roken up and dis.solved by the morning warmth ; 
Init it often becomt's permanent and passes into a 
rain-cloiid. — The compound forms are: 1. ftrro- 
rumnluK, consisting of small streaky, rounded masses 
of cloud formed from the cirras, with clear spaces 
between (Art. SO); when the ma.'wes are small it 
forms a "mackerel sky." 2. Tlie Cirro-iliatii'', cotu- 
poscd of streaky, compactly-fibrous clouds, thin at 
the edges, which rapidly spread from the breaking 
up of other forms ; they are usually the precursors 
of rain and storm. It is upon these generally that 
halos and mock suns and moons are formed. 3. The 
Cnmtilo-slralus combines two other forms ; the stratus 
being interst ratified with the cumulus, or broadly 
massed against it as a horizontal base. Another and 
distinct form of it is seen when numerous fleecy out- 
riders appear upon the sides of tho cumulus just 
before rain. 4. The last form is the Nimbun or 
Jiain^loud, called also the Cwnulo-cirro-slralys, It is 
formed by the cumulus drifting with the wind under 
sheets of the cirro-stratus; a uniform mass is thus 
soon formed, and the rain-cloud produced, with its 
mass of saturated vapour. Cirri often shoot up from 
the top of this rain-cloud as it drifts along, greater 
in number according to the amount of rainfall 

Ifain often falls from the sky when there is no 
visible cloud. Tu rain of this kind the French give 
the name of Serein. It lias been suggested by Sir. J. 
Herschcl tfaat water may exist in a filmy invisible 
condition in the lower air, and be taken up by drops 
as they fall through it, thus increasing the quantity 
received at low levels (Art. 63). 

65. RunlesB Iracta. — The rainless districts of the 
globe are the unshaded portions of the Map in tho 
heart of Africa and Asia, and on the \V. coast of 
America. That of Mexico is accounted for by the 
deflection of the trade wind up the valley of the 
Mississippi (Art. 37), and there being no wind from 
the Pacific in that latitude to waft the rain-clouds. 
The desert of Peru is under like conditions; tbere it 
no wind from tho Pacific, and tlie S.E. trade of the 
Atlantic gives out its residue nf moisture to the 
high Andes behind (Art G3). The circumitanoe* of 
the rainless tracts of Asia and Africa are different. 
In the summer of the northern hemisphere these 
are traversed by the N.K trades, which bm their 
origin on hind further N. than at sea, becaiue tlie 
I heat along the medial line (Art 64) is grotlor on 
I land. On reaching Persia, Arabia, and Airici^ tbeee 
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winda (irs very dry, having travelled over land, and 
any vapour they may hold is being continually inoro 
rarefied by the warmer air amid which they come. 
Tlie moisture licked up from the uarraw Levant is 
too Email to moisten tko winds, and they blow 
across this sea aiid the E. Atl.13 in a diy state, 
bringinE no moisture to central Africa. In winter 
when the medial line retires S. the ivtiirn current 
might bo expected to bring rain ; but the anti-trade 
does not bo Boon sink to the surface, and is too 
little cooled, being over the wann intertropical 
land, to give out any residue of moisture not lost 
in the cloud-ring. The S.E. trade monsoon of the 
E. coast of Africa, which causes the swellings of the 
Nile {Art, 58), cannot reach the heart of the con- 
tinent, being arrested by the Abyssinian Alps ; while 
the S.E. trade of the gulf of Cruinea meruly crosses 
the preat western promontory, rendering it the moat 
prolific region of vegetation on tlie surface of the 
globe. Again, the left wing of the monsoon 
(Art. 58) lightly grazes the N.E. horn of Africa 
and the S.E. coast of Arabia, making the Somauli 
countiy and "Araby the blest" one of the richest 
regions on the earth ; thence the monsoon sweeps 
round the head of the Arabian sea, not reaching 
the high plateaux of Per.*ia and Khoraasan, which, 
DS being just outside the tropic, are not under 
tlio influence of the variable winds and the rains 
which accompany them, and are thus in the ariil or 
rainless tract. — The eastern division of this tract, 
the great di'^ert of Gobi and Shamo, lies under the 
cold dry winds of Siberia, blowing towards the 
heated region of S. Asia, and becoming continually 
wanner and drier aa they advance, while it is shut 
off from all contact with the South West monsoon 
by the lofty harrier of plateaux and mountains. 
It can derive no moisture from the anti-trade 
or return current, which has abeady subsided 
so far in tiie atmosphere as to be arrested 
in its northwaiil progress by this same lofty 
barrier. 

66. WhirlwindB. — AVhirlwinds are caused by the 
contact of two opposite currents of air; eddiea thus 
arise which gradually force a body of air into rapid 




rotation. Such force is often generated ia this 
way that houses are unroofed, Dranches torn off 
trees, and clouds of dust borne aloft. Occurring 
at sea they carry up columns of water, and then 
scatter them over a wide space. Similar vorticose 
movements are oft«n produced on the under surface 
of rain-clouds, doubtless by a difference of tem- 
perature ; the vapour is formed into long hollow 
tapering appendages like tails, which often descend 
to the surface and discharge in lieavy rain; and 
have sometimes been seen to raise the water from 
the surface of the sea, as in the case of a whirl- 
wind {see Map). 

67. Temperature in AltitndB.— It has been already 
pointed out how irregidar is the diminution of tem- 
perature with the latitude ; not leas irregular is tlie 
change as regards altitude. The decline vertically 
was formerly taken, from observations made on 
mountain sides, at 1° F. for every 300 ft. The 
balloon ascents of Mr. Glaisher, begun in 18S2, have 
shewn this estimate to be erroneous. The temper- 
ature was often found invariable through very con- 
siderable heights, in one case as much as 1800 ft; 
warm and cold currents were found to alternate at 
various altitudes, both alike retaining the same tem- 
peratures through very considerable heights. Thus 
after various cluuiges at lower levels, n temperature 
of 37" F. was experienced at 3000, G500, 8500, and 
11,000 ft. As high as 4J mUes a warm current was 
found overlying a colder one. In a Januory ascent, 
snow at 6000 ft. was falling into a warm current 
3000 ft. deep, and melting. In an ascent in Septem- 
ber, the aero of Fahrenheit was reached at 24,000 ft. ; 
' and at 7 miles, or 37,000 ft., the highest point 
[ reached, and where life was possible for a very brier 
space only, the temperature was— ll''-9 F., the 
barometer stood at 7 in., the sky was not black, 
as we have been always told of great heigbta, 
but of an Intense Prussian blue, and the air so 
. excessively dry that the colour must be ascribed to 
the polarization of sunlight by the particles of the 
, air itself, at the polarizing angle of 45°. So 
, irregular were the results as regarded temperature, 
I that no law of decrease could be fixed; but as a 
tolerable average for the early afternoon 
hours witliin the first 1000 ft,, wo may tako 
a fall of 1" F. for 223 tt with a cloudy sky, 
and IC3 ft, with a clear sky; at 10,000 ft. 
llie sjiaees will be i')o and 417 ft.; and 
:ibove 20,000 ft., 1000 ft. for botli states of 
];y.* No observations were made during 
iii;.dit, but it is considered most probable 
:liat tlio temperature then increases u|v 
i..irda. It is much to bo desired that a 
iiki' series of ascents should bo mode by 
;!iylit, and also remote from oceanic influ- 
.ticc, as in cfntral Gennany or the E. of 

68. Dew, Hoar Frort, Hail. Snow.— In 
a clear niyht when the surface of the 
^Tound freely ladiates beat into space, 
moist air in contact with a body on the 
iiurfaeo deposits minute globules of water 

'a<t Mr. OUbUr^i T^rr't in UiMr, paUUihol Jan., 1«TI, 
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upon it : tMs is Dew ; and if the t«rapenkture of the 
■faody be below tlie freezing point, the particles are 
froEen, and Ho;ir Frost is formed. liadiation is 
stopped, and tlio formation of dew or hoar frost pro- 
Tented by stretching a cover, even of a thin gauzy 
eubstance, over any surface, at a moderate height. 
Frozen drops of water constitute Hail ; if suddenly 
formed by the irruption of a cold current into a 
masa of saturated air, hailstones arc simply masses 
of ice ; when formed more slowly they have a radiated 
«r concentric structure, or a combination of both. 
It is usually considered that vapour must pass into 
the liquid state before assuming the solid form of 
BHOW ; but as the late admirable researches of 
Dr. Andrews {Phil. Trans., 18C9, P. II.) Jiave shewn 
that the gaseous and liquid states aro continuous, it 
!s conceivable that this may not be necessary. In 
thus solidifying, the snow assumes crystalline forms 
of wondrous beauty, numbering nearly 1000 varieties, 
all built up of one primitive form, a minute rhomb, 
whoso angles are 60" and 120°, 




Tlie snow-flake varies in size from "07 of an inch 
to 1 inch in diameter, being largest when the t«m- 
{teraturo is near 32' F., and smallest at very low 
temperatures. What ia called " red suow " is really 
ft minute lichen {Prolococcvs nicaUs), which finds 
nourishment on the highest snow-fields and in the 
Arctic regions, and propagates itself in a single night 
over large surfaces. A green varii-ty of it is Cre- 
quently met with. 

69. The Snow Line. — The resiilta above stated 
shew that while latitude and altitude are mainly 
iuflucntial in determining the line above which 
more snow falls in winter than is melted in summer, 
local conditions will cause great variation ; and the 
determination of a law is impossible. All the 
elements involved are of a complex character; tho 
ratio of transmission of heat varies with the air's 
density; the ratio of absorbability varies for the 
different rays, and these ratios are as yet undeter- 
Rtiucd. It is known, however, that a given volume 
of dciue air ia more ctuuly wanned than the same 



volume of rare air; and that beat disappears, or 
becomes latent, by the process of rarefaction; as i» 
well illustrated by the common air-pump experiment, 
in which a thermometer falls and a cloud appean 
in an exhausted receiver ; the readmission of the air 
dissolves tho cloud, and causes the thonuometer to 
rise. The permanency of snow under the Sun's 
vertical rays in tropioU regions depends on thia 
principle, and is the more remarkable when we con- 
sider the prodigious power of solar radiation in dry 
air at great altitudes. This is familiar to eveiy one 
who has traversed the Alpine snows. Prof. Piazzi 
Smyth found that when the temperature of tho air 
in the shade to the north of his tent was 60° F., the 
black-bulb thermometer (absorbent of all the rays) 
exposed to the direct rays of the Sun on the S. slope 
of the peak of Teneriflfe, rose to SIO"-* F., the radia- 
tion thus exceeding tho temperature by 150"! A 
piece of black cloth, which passed the beat through, 
sank rapidly into the snow. The existence of per- 
petual snow, then, must bo independent of direct 
radiation, and bo due to the low temperature of tho 
dry rare air, the non-conducting power of ice, and 
tlip reflexion of heat from the glassy surface of the 
Irnzen mass. The actinic or chemical rays are, 
howe\er, more powerful at great altitudes, as De 
Sauasure long ago shewed, and as Prof. Smyth found 
on TenerifTe in the greater intensity of photographic 
]>ictures, and the ease with which they were taken. 
Ihia subject has been lately reconsidered in a series 
of experimental researches by Professors Roscoe and 
Thorpe, as yet only partially published, Phil. Tram., 
1870. Prof. Thorpe has kindly made knoim to me 
the following results: — That under 10'^ altitude of 
the Sun, direct sunlight has no chemical effect; that 
up to an altitude of 35", diffuse daylight has more 
effect than direct sunlight; above this altitude, the 
effect of direct sunlight Is greatest; that the action 
is greater in warm weather than in cold ; and that 
the humidity of the air has little or no influence. — 
De Saussure calculated that at the top of the atmos- 
phere, tho temperature of shade would be —60" F., 
while the effect of direct sunlight would be increased 
hundreds of degrees. 

70. The Snow Levels. — Tho level of perpetual 
snow is higher in a dry climate than in a moist, 
because both snow and ice ovaporale, without melt- 
ing, into dry air. In the S. Himalaya, lat. SG'^ to 
SI)"^ N., which are reached by the S.W. monsoon, 
the level is 15,500 ft, while in the northern range, 
30" to 36" N., it is 19,600 ft., and in some places 
more than 30,000 ft.; the rise in level is ^adual 
northwards in exact correspondence with the increas- 
ing dr)-ness of the climate. Similarly in S. America, 
within the limits of the S.E. trade, the snow line is 
lower on the K side of the Andes than on the W., 
the limiU being 15,900 and 18,500 ft. When tlie 
S. limit of the trade is passed, tho nile is reversed, 
the Pacific being then the source of moisture. In 
the very moist climate of tho S., the snow level is 
low for the latitude (see under Map XV.) For a 
like reason the level is higher in Kastcm tliau in 
Western Europe in the same latitude. The levels 
on the principal chains are as follows ; — Alps, S500 
to 8886 a ; Pyreueea, 8950 ft. ; Caucasus {same lat.). 
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11,063 ft.; Sierra Nevada, 9500 ft.; Himalaya 
(same lat.), 10,500 to 20,000 ft. ; Norway, lat. 60", 
4450 ft, near the coast, 5500 ft. in tbe interior; 
60" N., 3250 ft and 3700 ft.; 70" N., 2900 ft. and 
3350 ft; 71" N,, 2500 ft. In Spitzbergen, 80" N., 
sea level on K coast, same as in S. Georgia in lat. 
54" S. ; on tlie W. coast, same na at the N. Cape. 
In the Andes, Si" S., 3500 ft.; and eome glaciers 
reach the sea; 43" S. in Chili, 6000 ft., which would 
bo the snow level in Scotland in 57" N. ; 40" S., 
8300 ft.; 33" S., 12,750 ft.; 27" S., 13,800 ft.; 
17" to 23° S., Cochabamba and other Cordilleras, 
17,000 ft. to 20,000 ft;., where the climate is very dry; 
near the equator, 15,500 to 15,820 and 16,000 ft 
Eocky Alta., 40" to 43" N., 12,500 ft., or 6000 ft 
higher than in the same latitude in Chili, and 3000 ft 
higher than in the same latitude in Europe (see 
diagram on Map}. The meaji temperaturo of the 
snow lino in the Alpa is about 25" F. ; in Norwa>, 
23" F., but in many places it is 20" P., and in 
some as high as 35" F. (Buchan, Md., Art. 431 ) 
Oonalaska and Kamtschatka on opposite sides of the 
Pacific, in nearly the same latitude (5G" — 59"), have 
the level of perpetual snow at 3510 and 5250 ft 
respectively. Altai Mta., 50" N,, 70iO ft.; Aldan, 
ei" N., 4476 ft. ; Hindoo-cooah, 18,700 ft. ; Ararat, 
14,170 ft.; Argiab, 10,700 ft.; Abyssinian Alps 
14,065 ft.; near the Equator, in Africa, probably 
18,000 ft. 

7L Glaciera.— Tlio changes of the seasons, alt«r 
nations of day and night temperatures, and su)>crin 
cumbent pressure convert snow above the Imo of 



"perpetual congelation" into a peculiar kind of ice, 
|}orouB and viscous, more consolidated than snow, 
but less hard and rigid than the ice of our lakes and 
rivers; of this ico glaciers consist. They are huge ice- 
rivers occupying the valleys on mountain declivities, 
and fed by the masses of altered snow on the Iiigber 
mountains and snow-fields. Under the influence of 
forces, regarding whose nature and mode of operat- 
ing there is stUl much discussion, they glide down 
the valley with a velocity depending on the slope, 
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nearly as great in winter as in eiimnipr, and ntsvnys 
greater along a certain medial line than at either 
Bide. They cxteud downwards through many miles, 
and often thousands of feet vertically below the snow 
line, into the forest region, and even to the coni- 
fields and vineyards. The extremity of the lowest 
en the Alps, the Grindelwatd glacier, is at the 
height of 3i09 ft. only above the sea, the enow line 
there being 8500 ft. The form of the floor, and 
wore rapid forward motion of the central parte, give 
to many glaciers a very broken and ruffed siuface, 
(uid promote the formation of clefts or crevaMos, 
by which the ice is rent, with a loud noise, through 
long distances and to great deptlis. When these 
aro narrow at the surlace, and get covered with 
fallen snow or drift, they are a aouree of great 
danger to one passing across the glacier. The 
Elncicr bears on its surface many liugc blocks, 
small stones, and earth, which have fallen from tlie 
Steep sides of the valleys, all of which are mostly 
arranged in long streams or lines upon the surface. 
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called Moraines. These are of three kinds: — (1) 
Lateral, on the borders near the rocky sides of the 
valley; (2) Medial, forming rows doivn the middle, 
caused by the junction of two glaciers, when one of 
the lateral ones of each passes into the mill-stream 
of the united moss; (3) Terminal, formed by the 
rubbisli throivn down at the extremity when the 
glacier melts. — Blocks often sink to the bottom of 
the glacier, and are carried along in the stream, 
Btriatiug and polishing the rocks below; otLen of 
a brood flat form rest on the ice, which is thawed 
away round them by tin reflected heat, and form 
"glacier tables," standui^ for a long time at a con- 
siderable height From ice-caves at the eKtremitics 
of glaciers many rivers issue in Alpine countries. 
Tiie Ganges and Indus, Yang-tse and Wiiang-ho, 
lUionc, Rhine, and many others, have such an 
wigiu. The whole mud of these glacier streams is 




deposited in tlie first lake through which they pass. 
Gladers in the Pohir regions ol^n reach the sea- 
level, when vast maascs float away and form the 
ice-bei^ which descend from their birth-place into 
dima far southward, and form a serious danger in 




navigating certain tracts of the ocean. Such is the ■ 
buoyancy of ice, that from to 8 times more is | 
above tlie water than below it. The bergs are 
often from 100 to 400 feet in lieiglit with vertical i 
walh, atul from 2 to 5 and rarely 10 to 13 miles 
in length. Thousands of tons of stones and earth 
are often carried by them, to be thrown down when i 
Ihcy strand on some distant shore. 
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72. Theory of Volcanic Actios. — Tlie history of 
volcanoes and earthquakes forms rather a chapter 
in Geology than in Physical Geograi)liy. It ivill 
be sufficient therefore to describe the distributioQ of 
Tolc&noes in order to complete our outline of ter- 
restrial phenomena, and the changes in Physical 
Geography produced by earthquake movomenta. 




The coiiihinL'il risearches of mathematicians, asii-ono- 
mers, nuil geologists, have within a few years shewn 
UB that the Eai-th is not a thin shell of solid material 
enclosing a hollow space filled with liquid; but thnt 
the Earth must be solid through a long distance 
from the centre, certainly not leas than one-fourth of 
the radius, including therefore more than half the 
volume. But the fact that in all countries there 
is a progressive increase of heat downwards, 
amounting to 1'^ I'\ foi' every 50 ft. of descent, 
independent certainly of all solar influence in 
past time, and also the phenomena 
of volcanoes, prove that the Earth 
baa a prosier internal heat. All 
the reasonings and the phenomena 
are reconciled by supposing tliat 
this arises from matter such as 
forms the solid part of the globe, 
the earths and alkalies, metals, and 
other simple substances, existing in 
the state of igneous fusion in 
detached liquid basins or "lakes of 
fire," as under separate volcanoes, 
which may have channels or tun- 
nels of communication with one 
another through long distances. 
This igneous matter may be but 
what remains unsolidilied from a 
state of original fluidity of the 
whole Earth ; or we may suppose it 
produced by chemical changes, such 
as the action of water on the metallic 
bases of the earths and alkalies, 
and the phty of other affinities com- 



bined witli electric agency, if such a succession of 
changes can be supposed to go on without having 
something of the contnidictory character of endless 
cycles or of a perpetu.il motion. The upward pro- 
pulsion of the melted matter and its escape tlu-ougli 
open vents, may be but a boiling over, or it may bo 
due to tho action of imprisoned vapours; whilo 
earthquakes may be caused by masses falling from 
the roofs of cavities, or by steam or vapours rush- 
ing violently through long passages in their elTorta 
to escape. The undulation perceived in earthquake 
movements is similar to that produced by dropjiing 
ft stone into water; and proceeds in the same way 
from a focus or centre where tho impact from below, 
or other disturbing cause, is the greatest. When 
this focus is under the ocean floor at no very great 
distance from land, the wave sent in upon tlio land 
'lines the most fearful destruction in its course. 
t lll.^ disposition of all tho volcanoes of the globe 
■ I'-'^e to tho sua, except two, and these h.ive lakes 
Hi the neighbourhood, lends probability to the view 
iliiit access of water and the generation of steam 
I 'lay important parts in these volcanic phenomena. 

73. DlBtritmtion of Volcanoes. — Almost all the 
v.ijcanocs of tho globe ai'e situati^l on a com- 
[i.iratively narrow band encircling the Pacific Ocean. 
We liegin at its soutJiern extremity. Tierra del 
Fuego and Patagonia tlirougji 10^ of latitude are 
without volcanoes, recent or extinct, though igneous 
rocks of the old types almuud. The islan<l received 
tho name from a iwculiar light seen upon it by 
the first navigators, the cause of which hnj not been 
explained. Yantcles, in lat. i^!,-" S., is the first 
volcano. From this poiLit nortliwards, with oc- 
casional interruptions, the Andes are a volcanic 
cliain. Granite and the old rocks generally do not 
rise here higher than 11, SOU ft.; the mountains 
above this level are built wholly up of various 
volcanic products. The prolongations tlirough 
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Centr&l America, the West 
Indies, and North America, 
have th« same character, as 
far as B^hring Strait, where 
the promontory of Alaska, 
350 milcB loDg and 25 broad, 
is studded with volcanic 
couea, i-ome of enormous 
height. The other parts of 
the continent are free from 
volcanoes ; and the earth- 
quakes which BO frequently 
disturh the regions close to 
the mountain chain, are pro- 
pagated but a short distance 
f astwanla of the aicis. Earth- 
quakes have rarely been ex- 
perienced in Canada; twicr 
of great severity in the 
Missiasljipi valley. Tlif 
volcanic band is continued 
in the .Ucuttan Isles and 
Kamtachatko, in the Kurile 
and Japan Isles, the Philip- 

Sines anil Moluccas, through 
ava and Sumatra, up the 
Bay of Bengal on the Burmah coajf, und t-nda 
in Barrt-n island opposite Cliittagon^. In Japan 
earthquiikes are more frequent fJjan in any 
region of the globe. The Himalaya and Sulimau 
mountains, and those within India, are ivithout vol- 
canoes; but earthquakes are oecaaionally felt in both 
chains, and along the lower basin of the Indus. In 
China, also, they occur rarely ; but this country has 
many thermal springs. In the Thian-shan, or Celestial 
mountains, about the meridian of 00^ E., there are 





two lofty volcanic cones; the plains northwards, and 
the Altai south-west of I-ake Baikal, shew also a 
few volcanic cones and solfataras; while this whole 
region is subject to occasional earthquakes. Pro- 
ceeding westwards, we liave the great cone of 
Dcmaveud, south of the Caspian, itnd an important 
group ranging south-west from Ararat; while both 
extremities of the Caucasus have mud volcanoes and 
hot springs, and along the south base of the chain 
earthquakes are frequent. The peninsula of Asia 
Miuor has no active v<,nt ; but 
a large tract in the west, the 
Kata ■ kekaumene, is covered 
with products of extinct firea. 
The eastern shorca of the ICed 
Sea have a volcanic region, 
xaid to bo 10,000 square milea 
in area. The British settle- 
ment of Aden is on its lower 
margin, and the town ia built 
on an old crater with a sea- 
ward breach. A small lineal 
group, of which Santorin ii 
the centre, has been active 
in historic times; and earth- 
quakes have produced im- 
portant changes in Sj-ria and 
on the. shores of Greece. 
South Italy and Sicily are the 
most celebrated theatres of 
recent action ; extinct vol- 
canoes occur near Home, in 
central I'Vaucc, on the middle 
course of the Uhine, and in 
the eastern angle of Spain. 
One of the most tremendous 
earthquakes on record had its 
focus under the Atlantic near 
Lisbon, and was fell from 



Syria to Lake Superior, from the borders of the 
Sahara to the south of Norway. Hence the focus of 
disturbance must have been very deep-seated. The 
wave of the Arica earthquake of 1868 traversed the 
entire breadth of the Pacific. The pelagic group of the 
Azores, 800 miles west of Gibraltar, of recent volcanic 
origin, almost brings into connection the volcanic 
region of the Old World with that of the West 
Indies, and thus completes our circuit of the globe. 
Australia and Africa are without volcanoes, and 
earthquakes are not known to occur except in the 
region of the Atlas in the north-west of Africa, and 
there they are observed to be simultaneous with 
those which affect the Mediterranean shores on the 
north. Many of the pelagic isles of the Atlantic, 
Pacific, and Indian Oceans are volcanic. The N. 
island of New Zealand exhibits recent volcanic 
action ; and both islands have frequent earthquakes. 
Victoria continent, near the South Pole, was found 
by Sir J. Clarke Boss to be the scene of ex- 
traordinary activity on a very grand scale. The 
Arctic regions have, in Iceland and Jan Mayen on 
the east coast of Greenland, vents in frequent 
eruption ; and in the northern archipelago there are 
many traces of foci long quiescent. 

Earthquakes occur far beyond the limits of those 
districts where there are active volcanoes, and cannot 
be traced to a contemporaneous disturbance in any 
volcanic region. Thus, portions of Scotland and Ire- 
land, from the Moray Firth to Gal way Bay (Ait. 47), 



are often disturbed, as well as parts of Perthshire 
and the N. and W. of England. 

Important changes in physical geography are now 
going on under the influence of volcanic forces. Tlie 
whole N. of Europe, and most probably of Asia also, 
is rising at the rate of 3 to 5 ft. per century ; and 
this has gone on so long that the country has risen 
400 ft. The coast of Greenland and west coast of 
America have undergone great changes both of 
elevation and subsidence; and vast areas in the 
Pacific and Indian Oceans have been mapped out 
which are the theatres of both movements. The 
theory is, that the areas of subsidence are marked 
by the lagoon coral islands or atolls, such as the 
Laccadives, Maldives, and Chagos, which have a ring 
of coral encircling a quiet lagoon, connected to the 
ocean by a narrow strait on the side turned away 
from the prevailing wind (see Map); and also by 
the Barrier reefs, like that of New Caledonia, or 
that of Australia, which stretches along the E. coast 
for 1000 miles S. of Torres Strait, at 20 to 50 miles 
from the coast, with the water inside only 12 fathoms 
deep. Areas of elevation are marked by the fringing 
reef, which encircles the whole coral island at a small 
distance, and has shallow water inside the reef, 
while the unfathomable ocean breaks in a constant 
surf against the outer edge. The pelagic isles of all 
the oceans are either of coral formation or volcanic 
origin, or both united, except New Caledonia, the 
Seychelles, and Saxemburg in the S.W. Atlantic. 
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74. Origin of Currents. — The ocean has a great 
system of circulation like that of the atmosphere, 
due to a difference of temperature in the oceanic 
waters and to the action of the trade winds. A 
like uniformity in the flow over wide areas, and the 
same regularity of direction are not to be looked 
for on account of the interference of the land masses, 
their irregular outlines, the uneven character of the 
floor of the ocean, and the heating of the water 
taking place downwards, while that of the air is 
upwards. At the equator a depth of 1200 fathoms 
must be reached before we find a temperature so low 
as that which prevails at the surface in latitudes of 
65® to 70® ; between the surface waters there and 
those at the equator there is a difference in temper- 
ature of 40® to 45® F., which seems sufficient to 
establish the circulation we actually find in the ocean 
— warm surface currents travelling from the equator, 
and cold under-currents towards it. Salt water 
freezes at 27® '5 F., and has no point of maximum 
density under this, as fresh water has. The surface 
cold of the polar regions increases the density and 
lowers the level of the waters, and a tendency to sink 
is given to each stratum, exposed in succession to 
the cooling influence, as it flows to the lower level 
from the surface of the area of warmer water all 
around. The equatorial heat, on the other hand, 
nuses the level and diminishes the density of the 
superficial strata, and gives the tendency to overflow 
towards the poles, the place of the water so withdrawn 



being supplied by the water which has sunk and been 
drawn in beneath from the polar basin. The constant 
descent of ice-cold water will generate a slow down- 
ward and backward current, which will gradually 
acquire an upward movement as it nears the equator, 
from each new arrival of cold water taking its place 
beneath that which has gone before it ; so that this 
polar water may thus reach the equatorial surface, 
and return N. in the same cycle.* 

75. Currents of the Atlantic. — The great circulat- 
ing system of the Atlantic, certainly the most remark- 
able, as it is the best known, of the globe, goes under 
the names of the Equatorial, Brazil, and Guinea 
currents, and the Gulf Stream.— The Equatorial 
current is first distinctly recognized about lat. 20® S. 
on the African coast, and near the equator becomes 
gradually deflected W., partly by the form of the 
land, and partly by the pressure of the N.E. and 
S.E. trade winds, and passes across the ocean near 
the equator with a breadth of nearly 10®, and a 
velocity varying from 15 or 16 miles per day to 
36 or 50 miles, the velocity being greatest in the 
northern summer; it is colder than the ocean ad- 
joining, being 72® to 82® F. according to the season, 
while the ocean is never under 80®, and in sunmier 

• See an important papor by Pr. Carpenter in Proc. IL Otog. Soc., 
March, 1871. An illiutrative exnerimetit is there describe*!:— A narrow 
water- tn>UKh with gla« tides is heated from the surface at one mid by a 
metal bar acted on by a spirit-lamp, and is coolol at the other by a 
mass of ice wedged into the right angle at the top. The circuUtion of tiM 
water is then seen to proceed exactly as abure described ; cold applied *l 
tli« sorfSMA baoome* a £ffoe UJm heat applied b«low. 
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Si^ to 86"^ F. Impinging on the projection of S. 
America at Capo St. lioque it divides into two 
branches, one runs down the coast of Brazil, the 
main body along the N.E. shores of S. America, 
through the Caribbean Sea, and into the Gulf of 
Mexico. It is so rapid along the shores of the 
Spanish main, from 54 to G3 miles j)er day, that 
vessels bound west gladly enter it. — Pent up and 
heated in the Mexican Gulf, which is constantly in 
the condition of a caldron of hot water lipping to 
overflow, it seems to gain a small head of water, 
and to acquire a depth which the trade wind could 
not give, for this acts to produce but a surface-drift. 
Thence it issues through the narrow Florida Strait 
with a velocity of 4 or 5 miles per hour, and is hence- 
forth called the Gulf Stream, its course being clearly 
marked by the deep indigo of its waters, and its not 
sparkling at night. The widtli is 32 miles, and 
depth 200 fathoms; off Cape Hatteras it is 500 miles 
from the coast, and 75 miles wide, 114 fathoms deep, 
and runs at 3i miles per hour. This shallowing 
northwards is clue to its buoyancy in relation to the 
colder and heavier water among which it has come. 
— Even as far N. as off Newfoundland the velocity 
has been found in summer to be 4 miles per hour. 
The temperature in the S. part is from 5*^ to ll*^ F. 
warmer than the ocean ; but off the Great Banks in 
winter it is often 20^ to 30° F. above it. It is here 
often covered with fogs from the coldness of the 
surrounding air. Owing most i)robably rather to its 
excess of rotatory velocity eastwards (Art. 57) than 
to any obstacle met with in shoals or banks, the 
stream cur^'es gradually eastward, and divides into 
several branches j one of these sweeps round south- 
ward, and is diffused over a large tract of oc^an 8^ 
to 10° warmer than the water outside, and covered 
with masses of sea-weed, the sarga.^sum haccifcrum 
{fucu6 natanSy Lin.), so thickly interlacing that snips 
in many parts cannot force a passage. This is the 
Sargasso Sea; the arrows inside suggest eddj'ing 
currents, to which, doubtless, is due the accumulation 
of sea-weed within nearly the same limits since the 
date of its first discovery by Columbus. About 42° N. 
38° W. a branch turns S.K and then S., traverses 
the western shore of Africa as the Guinea current, 
and enters again the same circulation on the equator. 
The velocity is from 2 to 3 miles per hour ; and we 
have thus the remarkable feature of two great 
ocean streams running in op|)osite directions almost 
side by side for 1500 miles tlirough the gulf of Guinea, 
with velocities like those of the Mississippi and 
Danube. — Off the Newfoundland banks the depth of 
the stream decreases to 50 fathoms ; and it is held 
by many that thence northwards the warm water 
should be regarded as a surface-drift rather than a 
" stream." This body of warm water passes on con- 
tinuously into the Arctic Sea, as manifested in the 
deep concavity of the isothermal lines as far as 80*^ N. 
(Art. 52). Mahogany trees, cocoa, several kinds of 
pear, cashew nuts, and seed"* of guilandina bomluc, 
are thus cast upon the west coast of Ireland, the 
Hebrides, and Norway. The last-named plant, a 
native of central America, has been raised in hot- 
houses in Galway from seeds thus transported. The 
Spanish species of heath got in the W. of Ireland 



have no doubt a like origin, and the Canadian 
Eriocauhm srjttaufjulare of the outer Hebrides. — 
Rennel's current, which sweeps the Bay of Biscay, 
and passes out to the S.W. of Ireland, is thought to 
be a branch of the Gulf Stream by those who main- 
tain its persistency as a current. 

These surface conditions have been long known. 
— Those prevailing at great depths have been very 
lately revealed to us by the Atlantic dredging 
expeditions, which have established the existence of 
a warm upper stratum, a stratum of intermixture, 
and cold stratum beneath ; these are not, however, 
always at the same depths. There are besides a warm 
and a cold area within six miles of one another on 
the floor of the ocean between the Faroe Isles and 
Scotland at depths of from 500 to 700 fathoms, where 
the Arctic basin unites with the deeper Atlantic. 
The temperature at these depths is in the one from 
30" to 32^ F., and the fauna is meagre and of Arctic 
character ; in the other of 45^ to 48*^ F., with a fauna 
warm-temperate and i)rolific. Mineral fragments 
brought up from the cold area indicate a transport 
from Iceland or Jan Mayen, while none such occur 
in the warm area, where the bottom is found to be 
covered with mud of organic origin, and the lowest 
forms of life. — It is highly probable that the body 
of warm water in the Arctic Sea may even reach the 
pole, and maintain there a sea navigable for a short 
period in certain summers, entering the polar basin 
between Spitzbergen and Greenland, and perhaps 
even up Davis' Strait and Smith's Sound, where the 
motion of bergs northwards has been observed 
opposite to the direction of the surface polar-currents 
of those seas. Lieut. Maury supposes that it runs as 
an under-current owing to its greater gravity from 
its superior saltness, and only rises when it reaches 
far N. ; but this view seems very doubtful. 

An Arctic cold current visible at the surface sets 
S.W. down the E. coast of Greenland, being the re- 
flux of the Gulf Stream waters, doubles Cai)e Faro- 
well, and passes up the W. coast of Greenland, and 
is probably the same which returns as the polar cur- 
rent down the west shore of Davis' Strait, and passes 
along the coast of New England and the E. States, 
inside the Gulf Stream ; it chills these shores, and 
prevents the growth of coral far to S. of its usual 
latitude, till it is finally lost in tlie Gulf Stream 
and tepid waters towards Florida. It is this current 
which transports so many bergs from Davis' Strait 
to the shores of Newfoundland, and strews the 
entourage of the Gulf of St. Lawrence with the 
rocks of Greenland. A branch of the polar current 
is said to enter the circulation of the Gulf Stream 
about 40^ W., and another branch further to the 
S.W. to intersect the Gulf Stream and sometimes to 
carry bergs jvs far down as 36^ N. 

The Brazilian current traverses the entire S.E. 
coast of S. America, and near Cai)c Horn unites with 
an iVntarctic drift-current setting N.E. towards the 
Cai)e of Good Hope. The rest of the circulating 
system of the S. Atlantic is due partly to this 
current and other drifts from the S., and partly to 
the union of a cold Antarctic cun-cut near the Capo 
with a portion of the warm Agulhas current, which 
escapes round the Cape, both advancing N. W. under 
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llie drirt infliienoe of the S.E. trade. Approaching 
thelimitaoftlie great Equatorial current, it is driven 
off S.\V". and returns upon itself as a. counter cur- 
rent; and meeting at the Agulhas liank a current 
from the Indian Ocean, it is partly deflected with 
it eastwards, and partly returns into the old 
circulation. 

76. Currents of the IndiaiL Ocean. — The northern 
portion of the Indian Ocean has various surface 
drifts regulated hy the monsoons. Its main circula- 
tion is produced by differences of temperature the 
same as'those already described. Ice in the Antarctic 
regions advances 1000 miles nearer the efjuator 
than in the northern hemisphere; a cold Antarctic 




water from the equator; but the monsoonB and 
Trades greatly modify the surface movements. An 
Antarctic drift current deflected hy the W, Australian 
ebores, turns W. and suffers a reverse deflection from 
the Agulhas bank and impact against the Antarctic 
current of the S, Atlantic. It tliua returns upon itself 
towards Australia in the parallel of 40° S, with a 
diminished rate of raotiou. The outer N. portion of 
it, combining with a monsoon diift, doubles the N, 
point of Madagascar, and rushes down the Mozam- 
bique Channel with a velocity of nearly 6 miles an 
hour, which off Cape Colony is rediiced to 3^ and 3 
miles per hour. It is 100 fathoms deep in the 
Mozambique Channel, and as warm as the Gulf 
iStream. Off the Cape the main portion of it enters 
the eastern return current; the rest passes into the 
Atlantic circuLition, Near Kcrgiielen's Land a 
minor Sargasso Sea, called Long Kelp, is formed in 
the central space of the great Antarctic drift-cuncnt. 
The superheating of the equatorial waters, aided by 
the 8.W. monsoon, sends a strong current out 
N.E. between Papua and Celebes into the Pacific 
Ooeao. 



77. Currents of the Pajrific— The currents of the 
Pacific Ocean are almost a reproduction of those of 
the Atlantic, save that there is none of them having 
the grand features of the Gulf Stream. The 
Antarctic drift-cnrrent from lat. 55" S. sends half 
its stream round Cape Hi>rn ; the other passes up 
tlie American coast under the names of the Chilian 
and Humboldt's current, which chill the whole of 
these coasts, and on reaching near the equator pass 
oflf westwards as tlie Equatorial current, under influ- 
ence of the forces already indicated. Its W. part near 
Papua receives the name of Kossel's current, and 
cnttrs tho circulation above meiilioiied as passing 
from the Imli.nn Ocean to the N. of this island._ The 

united stream passes the Philippine 
Islands, and receives thenceforward 
the name of the Japan current. This 
current in its bre.idth of more than 
100 miles, in its tenipemture, which is 
i>>>^ F., or 12" above the ocean, and in 
its persistency, resembles the Gulf 
Stream, It resembks it further in 
having in tho N. part a cold current 
between it and the land. Passing 
among the Aleutian Isles it enters 
ISehriiig's Sea, and having now parted 
with much of its heat, unites with a 
cold cuiTent from the Arctic Ocean. 
Tho joint stream jiassea down the 
American coast under tho name of 
the Mexican current, and enters the 
I'quatorial circulation. About lat 
oO" N, a branch is i;iven ofl" from it 
towards the west, which forms an inner 
rirculation and a smull Sai^asso Sea. 
In tho same latitmli' S. there is a 
similar inner eurrciil, i--i!led Mentor's 
current, whose tempeiMtare is 15" F, 
above that of the Ciiilian current. 
Its origin is unknown. Some of 
the lesser currents will be sufficieullv understood by 
an inspection of tho Map. — The theory of part of 
this subject is still in an uu.^aii^factory state; 
accur.ito observations are wanted on many points, 
and the forces at play interact in thi most compli- 
cated manner, 

78. Uses-Fonn tt Floor.— The ui=fs of tho ocean 
in connection with the atmosphere as tho great 
equalizer of temperature, and as tho source and 
constant support of a most bencticiiil, never-ceasing 
circulation, arc amoug the most iiiteiesting facts of 
Iihysical geography. "All the riv.r- run into tho 
sea, yet the sea is not full; into tliai place whence 
the rivers come thithir they i-eiuni again." In 
evaporating the surface film gives out its salt, and 
the exhaled vapour is distributed in alt directions 
over the land. Impinging on cool mountain sides, 
or mixing with other strata of diffcri'tit temperature, 
it is formed into fxg, mist, rain, ur snow. Thus, 
the waste of summer on Arctic lamh and Alpine 
heights is replenished, and "bprin-s sent into the 
valleys, which run among the hilld ; tho hills are 
watered from the chamlHsrs of the great and wide 
sea," and tho rivers fed at their sources, or main- 
tained in persistent flow from the ice-caves of buow- 
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clad mountains. Its euircnta modemfe tlio extremes 
of heat and cold; its vaters are the highway of 
nations; "there the ehipa go;" they arc teeming 
with animal life; "there Icnathan disports him- 
Bclf ; " " creeping things innumerable, both small and 
great creatures are there." Myriads of lovely forma 




adorn ita "coral cavw, ' .lud its lloii^ is as varn-d 
as that of the dry land. If "the channels of the 
deep vers laid bare," and "earth's foundations 
vast discovered" to us, we should behold an outline 
almost as varied as that of the continents. The 
land generally descends with a gradual slope beneath 
the water to a distance which varies according to 
the character of the adjoining shore, and then 
suddenly plun<,'es down to an enormous depth. 



Thus between lloll.^ud and the E. of England, both 




low and level countries, the German Ocean is so 
shallow that a rise of ISO ft. would connect them; 
and no part of that ocean, except a few " pools," is 
above 300 ft. A like distance oGT the west of Ireland, 
France, or Portugal, would give 2000 fathoms of 
depth. Our section, Plate IX., Fig. 5, represents 
the floor of the Atlantic, which has 
been most carefully surveyed for tele- 
graphii, purposes The figures shew 
that the bottom \anes like the surface 
of a moderately hilly country, where 
the heights and hollows do not .differ 
r le thin between 2000 to 3000 ft.; 
) It till slopes between are very graduaL 
II .,rtatest depth jet found in the 
<uiic Atlantic IS 2Q00 fathoms. Life 
I I. been found in its depths at 3315 
fathoms where the pressure must be 3 
tons on the square inch MolluGca with 
conspicuous ejLs ha\e been brought up 
from 1500 fathoms, and from SOU 
fithoms a cnttle-tish with eyes as perfect 
ns those uf fishLs, many of the radiata | 
also from \ ai*t depths are brightly colour- j 
el The Pacific, inmany late soundings. 
Ills nowhere bten found so deep as 
3000 fathnms The Indian Ocean has a 
\Lr> uniform fioor, ranging from 1700 
to Ijno fithoms in the deepest parts, 
anl nowhere paaauig 2200 fathoms. 
Niarthe floor thi. timperature is 234" 
F., 43 " F. at 1000 fathoraa, 50" F. at 500 fathoms, 
surface 75" F. 

79. Density-Freezing Point— Fresh water has a 
point of maximum density at 39'^5 F., thence to 
freezing at 32" it expands. Salt water has no point 
of maximum density above its freezing point, which 
is 27'''5 F. ; but if it be cooled below this without 
freezing, it has a maximum density at 25"'! F. 
Salt water in freezing deposits its salt, hence the 
buoyancy of ice. The Mediterranean and Red Sea 
are more salt than the ocean. The 
density of the AtUntic water is H)26 
to 1-027; of Mediterranean, 1-027 to 
1029; of Euxine, l-OUl. The solid 
constituents of sea water, are aoda, 
|iMi:ish. lime, magnesia, iron, chlorine, 
xj'iliii', bromine, silver, ammonia, car- 
Ixiii-. sulphuric, and nitric acids, and 
18 utlitrs in too small quantity to be 
estimated. (Thorpe and Morton, itanch. 
viem, 18G9-70.) Xhey amount to about 
3i per cent, hy weight, or nearty half 
an ounce to the pound; in the Mediter- 
ranean to 3'9 to 4-1 pr cent, la the 
Arctic Ocean and Caribbean Sea ahella 
and corals are seen at 480 ft. of depth; 
a white plate has been seen at 3794 ft. 
Objects arc seen much deeper by using 
a glazed barrel. 

80. BelfttiTeSiHofGrMtRi-nrBatiiu. 
— A glance at the Map will shew what 
a contrast the Pacific presents to the 
Atlantic in respect to the number of 
rivers it receives. This is of course 
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o\ring to the close prosimity of the great mountaiti 
barrier to its eastern shore, and to the small extent 
of Asiatic coast-line which it washes. Tho entire 
areas of all the river basiDs draining to the Atlantic, 
is more than double that draining to the Pacific. 
The drainage area of the Indian Ocean is much less 



than that of the Arctic The continental baains are 
those whoso waters do not reach any ocean. The 
united area of these is more than tliat of the Arctic 
basin. These are all distinguished on our Map by 
separate colour^ 
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61. Life Provinces.— In regions of the Earth 
fiimilarly circumstanced as regards climate, supply 
of food, amount of human population, and all other 
outwai'd conditions affecting the existence or de- 
velopment of animal life, the same species do not 
occur. The land, and, to some extent, the sea also, 
can be divided into provinces characterized by 
peculiar asaemblagea of living creatures, very dis- 
tinct towards the centres of these provinces, but 
intermixed towards their boundaries with others 
which have migrated from the provinces adjoining. 
There is indeed a certain dependence of animal 
forms upon conditions of climate and food as affected 
by distance from the equator and height above the 
sea-level. But over and above all this, tliere rules 
a law of original dispersion of species and groups, 
which has no relation to light, heat, moisture, 
drought, soil, or food — is, in fact, independent of 
all these; and though wo may not venture to 
explain its mode of opT.ntion we c.in see that it 



was connected with the first creation of the groupa 
thus found located. That species now absent from 
certain regions could have existed still if at first 
indigenous, is proved by this, that introduced there 
by man they flourish and live on. The diversity is 
however modified by the operation of a principle in 
which an obvious design appears ; rej/resentiilii-e 
specifi, that is species destined to discharge the same 
functions in the economy of nature, occur in regions 
widely separated. Thus S. America, which has no 
sandy deserts, has instead of the camel the llama of 
Peru, admirably fitted for a beast of burden on the 
wild and lofty plateaux of the Andes, 

83. Birds. — The distribution of birds is much 
more circumscribed within particular provinces tlian 
might bo expected from their great locomotive 
powers ; and the same remark applies to fishes, with 
which we have therefore classed them on our Map, 
Our notices will be brief, as the facts wiU be best 
learned from the Map 




Austral a, India, Central Afr ca and S Amcnca I tl ere 1 1 genenl resemblance among the groups 
prwent assemblages of famd es qmte dist net from thus tl er arc pirrots n all the four but not one 
one anotlier there a no ident ty of fipecies though I spec ea ta the same The United States and Europe 
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have a few species the same ; but a great number 
are found the saino in the hj^h lalitudca of the two 
continents, doubtless from the greater proximity of 
the lands. The largo family of the humming birds 
is found only in AmeriL.i nod chiefly within ihu 
tropics, whence a few species wander far towards 
either extremity of tlie continent. The toucans are 
confined to tropical H. America; and tlie passerine 
group has there 1000 ajjecica found nowhere else. 
The condor, the largest known bird, measuring 




isthmus, which it never crosses, and froa the sen- 
level, wliere it often feeds, to the snow-line, where 
its ncit is made. Humboldt saw it soaring at the 
height of 32,000 ft So peculiarly isolated are the 
birds of S. America, that they differ more from 
tliose of N. America than theBc do from the birds 
of Europe. Tlie complete isolation of insular groups 
is still more remarkable. Out of 2G species of land 
birds in thu Gahipagos islands, one only is known 
in any part of the world. Australia has 320 species 
of birds, and of thcso 20O are found nowhere else. 
A like isolation is seen in New Zealand, 1150 miles , 
distant, whose most remarkable gronp is that of 
the wingless birds (Aplenjj-J. Tlie common grouse 
is found only ir 
the British i^les 




often 16 feet across the wings, is also peculiar to S. 
America, and ranges from Magellan Stiiiit to the 




birds, of which are our domestic 
fowls, the pheasant, and others, have their native 
liabitation in S. £. Asia ; N. America is the habitat 
of the turkey, but has no otlier indigenous qiecies 
of domesticated bird. 

The migrations of birds have little effect od dis- 
tribution, as they return periodically. A few qtecies 
of birds have a very wide range. The pelican, vild 
goose, the swallow, American pigeon, and a few 
others, range over vast distances in hititade, in- 
fluenced by climate and the supply of food. The 
crow is found in all countries exeept S. 
America and Australia; the magpie over 
> nil Europe. The nightingale from England 

;^ to Persia; the raven from Greenland to 
-^'^ Algeria. — Water-birds have the widest 
^y'l'4 range, and of this order more are coounon 
^ ' to Europe and America than of land-birds. 
Some constantly on the wing nnge over 
vast spaces, as the petrels in the Atlantic, 
and in the Pacific the huge albatrcat, 
which slee|)9 upon the wing, and is nn.*ljr 
-;cen to alight. 

83. Fiihoi.— The distribution of fishes 
is le«s limited than that of birds; they 
make longer excursions, and are K-ss 
careful to return. Two Greenland genera, 
_^ inhabiting very deep water, are found alio 
1^"—" on the shores of New Zealand and Australia, 
and, in spite of the enormous pressim-, 
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may have passed between at deptiis where tlipy a peculiar voltaic orcanic arrangement, by which 



found a suitable tenii>erature (Art. 76). 
Iierriiig and mackerel of the British seas ari 
also at Magellan Strait. The sharks hav 
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chief development in the tropics, yet Romc visit the 
Mediterranean and our own shores, and a few range 
over the whole Antarctic Ocean. The fl3iiig fish are 
tropical, never passing lat. 40". A vast zone, flO" 
broad, in the central Pacific, forma one life provitr^e, 
owing to the great facilities of diffusion i»resented 
by the isles, and for transport of eggs by currents - 
on either side polar forms invade the frontiers. 
Many species are common to Madeira and the 
British isles, more than are common to Madeira and 
the Mediterranean. This sea is a rich province, 
but except the tunny, the largest edible fish, few 
are fit for food, from the warmth of the water ; it 
has 444 species of the G43 European marine species; 
of these 27 belong to the Baltic, and a verj- few to 
the Red Sea and Indian Ocean, owing to an old 
connection across the isthmus. The torpedos belong 
to this sea ; like the gymnotiis of the S. American 
iakfs nn^ ?ihiTT- r-f thv Afriran rivirs, this fiah has 




it can give a. galvanic shock, and sometimes emit a 
spark. The Black Hea has a peculiar group of 
fishes; those of the Caspian difl'er from all other 
known species. Here a species of sturgeon grows to 




the len^^h of 2.') ft., and weighs 300 lbs. ; the best 
caviare is made from its roe, and the finest isinglass 
from its swimming bladder. The salmon inhabits 
both aides of the Atlantic as far as lat. 45" N., the 
Arctic coasts, and di'^cends from Behring's Strait 
along both shores, following a cold current {Art. 77). 
The fiah of cold waters, as tJic salmon, hening, cod, 
haddock, &c., are greatly preferred for food; when 
borne away on currents to warmer regions, or when 
entering a warm current, aa tlie listi of the cold 
waters inside the Gulf Stream on the American 
coast often do, the flesh becomes quite unpalatable. 
The cod-fish thus migrates annually southwards to 
the Newfoundland banks on the cold current from 
!lie Arctic regions. In the same way it enters the 
<.ierman Ocean from, the N. The herring comes 
I'rom the deeper parts of the ocean to the sliallows 
In spawn. Many fine and useful species aro home 
along on Humboldt's cold Antarctic current; among 
ilum is a specie™ upresentative of the cod. Among 
Freak-wat«r S'lshes a British pcieh is found in the 
N. American lakes; the gilbrno trout, having a 
iiiii^oulor stomach like a biid'a ^izziiril, is found no- 
where but in some lakes in the N. of Ii-eland. In the 
class of fishes the range of species is in laost cases 
very limited. 
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B4. Oenenl ConditionB. — The limited locomotive 
powers possessed by reptiles and most quadrupeds 
nave greatly restricted their distribution, and lienco 
w« find that in the case of these animals the pro- 
vinces of life are more clearly defined tlian in that 
of bitds and fishes. On this account we have 



placed them together upon the Map ; and as height 
above the sea is another element, affecting the supply 
of food, and testing the constitution, a diagram is an- 
nexed Tcprosenting distribution in altitude. To this 
and to the Map we must refer for more detailed in- 
formation than it is possible to give by any description. 
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86. Kammalia. — The number and variety of t*r- 
rcBtrial mAinnialia incrense from the pole to the 
equator, This law is reversed for the marine 
Biaromalia, which abound moro in high latitudes on 
either side the equator. Tho following are the 
proportioTuile numbers for the different zones : — 
Tropical, 26; N. temperate, 9; Ceutral(S.of40''S.), 
3; Arctic, 7; Antarctic, 0. Viewed on a largo scale 
the great zoological iiro^Tiicea are Asia, Central and 
S. Africa, Madagascar and adjoining isles, Australia 
and Papua, Central N. America, and Central and 
S. America. Euroi)0 has no fnraily or order pecidiar 
to it, and is one province with W. Asia and N. 
Africa. The Arctic regions form properly but one 
province in all the three continenta, the species 
being eitlier the samo or the forms very similar 
throughout. The reindeer and the polar bear range 
farther than any other quadruped; yet the former 
once lived in the S, of France. The Arctic musk-ox 
ia American only; most of the otht-rs are the same 
on both continents; but aa these mutually separate, 
the specific differences become greater, till at length, 
among the groups of mammifera characterizing 
America, Africa, and E. Asia, there is not a single 
species in common. Even the Arctic fauna as a 
whole has scarcely a single species in common with 
the State of New York, 600 miles to tho S. ; 600 
miles farther, in the Gulf States, there is another 
assemblage equally distinct, and yet there ia no E. 
and W. bnjrier to stay migration. The western 
mountains form such a barrier, and beyond them 
the mammalia are specifically different. But these 
contrdsts have not always existed ia America, fur 




the fossil remains of an elephant, the mammoth 
(E. jprimi^enius), a mastodon [M. pi^nlms), and a 
horse allied to the common species (£'. eaMltts), 
are widely distributed on the continent. S. America 
is ao extremely rich hut most peculiar province. It 
ia remai'kable for the prqiondcnuico of the edentate 
order, the almost total absence of pachyderms, 
runuDftntA, and marsupials, while the rodents and 
quadnmuina abound. Among 13 species only of 



the camivora, the puma represents the lion, and the 
jaguar or cougar the tiger; tlie latter is a formidable 
beast, intermediate between the panther and royal 
tiger, of which it is a much better representative 
thun the puma is of tho king of beasts. The puma 
has a wider range than any other quadruped, being 
met with from Patagonia to the borders of Canada, 
and from the sea-level to the line of perpetual snow 
on the Chilian Andes. The edentat« group charac- 
terized S. America in time past as now ; the 
Pampcan deposits are filled with remains of auinutls 
of this order and of pachyderms now extinct, but 
with this difference, that in both orders tho fossil 
species were of far larger proportions than tho 
present races ; there is indeed no large quadruped 
in the existing creation in S. America. — Central 
Africa forms a rich province, with many genera, 
but no species, the same as in Asia. H. Africa 
forms a separate province, with the same genera, 
but no common species. The fauna of Madagascar 
is perfectly isolated; its most characteristic group 
is the lemurs, a tribe of nocturnal monkeys with 
great eyes and fine sense of hearing. N. Africa, 
W. Asia, and Europe, including the British isles, 
form a single province with a small number of 
characteristic genera, hut many species qnita dis- 
tinct. India, E. Asia, and W. Malaysia, are perhaps 
entitled to rank as a distinct province from the 
occurrence of such peculiar species as the tiger, 
nylghau, sloth-bear, and musk-deer. Borneo, 
Sumatra, and Java have a few peculiar genera with 
much resemblance among the groups ; flying quad- 
rupeds are a peculiar feature of the entire archi- 
pelago. A profoundly deep channel dividea 
these islands from Austraha and Papua, and 
forms a complete separation of tho faunas; so 
that these, with some small isles adjoining, con- 
stitute a province entirely isolated, and char- 
acterized by the prevalence of the marsupial 
tj'pc. It has few species in common with the 
rest of the world ; entire families occur which 
ore known nowhere else, and the quadrumana, 
ruminants, and pachyderms are entirely 
awanting, while the camivora are represented 
by the dingo or wild dog (not certainly 
known to be mdigenous) and four seals. The 
edentate order has genera of extraordinary 
structure, the duck-bill and echidna. These 
unite the structure of mammal, reptile, and 
bird, and the young of the duck-bill ii produced 
from the egg. Tho known manupiau are 170 
species; ot^ese 138 belong to Anatrali^ 9 to 
Papua, and 23 arc American opounma. Sach 
is Uie anomalous character of this coontiy, aa 
if peopled by a separate act of creation. 
It is interesting to note the manner of db- 
tribution of the several orders of tho mammalia. 
Of the quadrumona, Asia, Africa, and the Indian 
archipelago, as for as Timour, have 14senera and 
111 species; one iiiliabita Gibraltar Rock, one the 
isle of Niphon, their most northern limits in the 
Old World, but they are found fossil in the Eneluh 
tertiary bods. The platyrhino or New World 
monkeys form 9 genera and 91 speciei^ all in S. 
America, except one or two in littsieo. Hw most 
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remarkable group ia tho Enpajous or prehensile- tailed 
monkeys. Of the carnivora, Asia and Europe have 
16S Bpeciea, Africa 130, tropical America 109 {S. 
America 13), Australia 7 (4 seals, 2 bata, and 1 dog). 
The tiger is limited to S. E. Asia; the iion is found 
in if. India, parts of Persia, and all over Africa, 
except the desert and Egypt. Tho pachydermata 
abound in the Old World; the New hna 1 tapir 
and 2 peccaries (dicotylea), in S. America. Of the 
edeotata, S, America has 3 times aa many as the 
rest of the world. Of the rodentia, half the number 
of species belong to America; the other half to the 
Old World. There are in America alone 77 species 
of porcupine, while the Old World has only G, Of 
tlie ruminantia the Old World has 3 gpcciea of camel, 
7 of musk-deer, 37 of deer, 2 giraffes, 47 antelopes, 18 
of goats, 25 of sheep, and 18 of oxen. The New 
World has 4 species of llama, 1 4 of deer, 1 of an- 
telope, 2 of the sheep, 3 of the goat, and 2 oxen. 
Australia has neither ruminant nor pachyderm. — 
For maurspiala, see above. Of this 
order there are fossil species in tho 
English oolite. Of the cetacea tho 
great majority Inhabit tlia polar 
aeas; but the Orinoco has the lamau- 
tine, and tho eastern seas the 
dusong. 

Almost all continental island^ 
except Madagascar, have tho samo 
quactrupeds as the adjoining main- 
land, or have had in time past, their 
aepanttion being subsequent to the 
dlffusioD of the animals from some 
nwdfic centre. Thus the elephant, 
rninoceroB, tiger, &c., inhabit Suuia- 
tra; the elepnuit, rhinoceros, hippo- 
potamiu, hyena, bear, &c., formeily 
inhabited Great Britain; remains 
of the giraffe, elephant, hippopota- 
mus, &c, have been found in Alalta, 
Sicily, and Orecce; at present tho 
depta of water between Sicily and 
Africa ia only 37 to 60 fathoms. 
Mammalia often disappear also with- 
out geological revolutions. Thus 
the lion inhabited S. Bussia in tho 
time of the Roman emperorsj tho 



beaver, bear, boar, and wolf bavo recently 
become extinct in Great Britain; the Irish 
elk, found fossil in Ireland, England, and 
the Isle of Man, most probably co-existed 
with man. At present an elevation of 200 
feet would connect the Mull of Galloway to 
St. David's Head, and one of 280 ft., Car- 
narvon to Wicklow. 

86. Pelagic lelea never have large native 
quadrupeds, and very r.irely any; if any 
they are of peculiiir species. New Zealand 
has one small rodent; the Galapagos, ono 
species of mouse, supposed to be distinct; 
the Falkland isles have a blue fox, drifted 
on ice from Patagonia; Iceland has only the 
Arctic fox, brought, no doubt, in the same 
way, and a mouse which steers itself by itti 
tail across rivers. A rat, a few bats, tho 
and hog, are the only mammifcrs of the PaciGo 
isles, and these have either been introduced by man, 
or have made their way from New Guinea, passing 
from group to group of the scattered islets. 

87. Reptiles. — The same laws of distribution hold 
in regard to the reptile class. Half of the whole 
number of known species are American, but not ono 
of these is found in any other part of the world. 
The species of N. and S. America are distinct, but 
they intermingle in the Columbian archipelago. If 
we represent the number in America by 8, then 
Europe and Australia have 3 each, Asia and Africa 
5 each. The boa of America is distinct from the 
python of India, the rattlesnake is American, the 
cobra-de-capello Asiatic, the cerastes African. Java 
has 56 species of serpents; not one has yet been 
found in Borneo. Japan has 6 species, none of 
which exist elsewhere. Australia has 83 species, 
the bite of most of which ia dangerous ; 23 are quite 
harmless; 15 are sea serpents; all the species are 
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pecniiar, except the sea snnkes. Tasmnoia has three 
species, all venomous. Thero are Done la New 
Zealand, . The Pacific isles liave no reptiles of any 
kind except the Marianne group. The saurians of 
the Indian rivers and those of Africa and America 
are all specifically distinct. The crocodile of the 
Old World is represented by the alligator or 
cayman in the Now. The dragons are flying 
lizards. The cliameleon of the Old World is 
represented by the anolis of the New. The laud 
and fresh-water tortoises number fil species, the 



cheloniatu 6. Afnca has mora of the former than 
all the rest of the world; a peculiar granp of 
chelonians inhabits the shores of the Galapagos, 
where they grow to an enormous size, 500 to 600 lbs, 
weight, and are ridden about by the sailors who 
call there. A group of lizarda, liaving both lunga 
and gills, inhabit the lakes in the caves of GamioU 
and the great cave of Kentucky; they aro distinct 
species, and are all perfectly blind, having either 
no eyes, or the organ in a rudimentary stale and 
undeveloped. 



MAP XVIII.-DISTEIBUTION OF PLANTS. 



68. General Influences. — The distribution of 
plants is chiefly determined by temperature; mois- 
ture is rather a secondary cause, as mainly dependent 
on temperature. The nature of the soil has an 
influence also, but tliis is less understood. Now 
temperature varies with latitude and altitude, so 
that the same conditions, in a general way at least, 
are ^ven by elevation above the soa-level, even in 
tropical regions, as by distance from the equator. 
The climatal zones, as u^orkcd by the isothennal 
lines, are distinguished by pcculiai' assemblages of 
plants ; and a mountain slope within the tropics, 
from the sea-level to the liue of perpetual congela- 
tion, may be divided in the same way, and exhibits 
a similar change in [the grouping of its plants as 
that which is observed in passing from the equator 
to the frozen regions about the jmIcs. But the 
distribution of plants obeys another law which has 
but a subordinate relation to such conditions, and 
which ruled, in some mysterious way, over the first 
peopling of the different regions of the Earth with 
all its living species. Tlio distribution of plants 
thus ranges itself under tliree heads — in latitude, in 
altitude, and in longitude. 

89. Distribution in Latitude. — In relation to lati- 
tude, vegetation may be distributed into 8 zones: — 
1. The equatorial, bounded by the isotherm of 
79°-3 F., to about lat. 15°, the broader part of it 
being on the N. side of the equator (Art. 54), Its 
limits vary with the inflections of the isothermals, 




and portions of it are several degrees abore the 
mean (Art. 66). The vegetation is vigorous, beauti- 
ful, and luxuriant, especially where Uie maxima of 
heat and moisture prevail, as in the Amazon's basin, 
Senegambia, and the Indian Archipelago. The Old 
World deserts and the American Iknos are of course 
exceptions (Art. G5). The most conspicuous groups 
of this zone are the palms, banana, ginger, arrow- 
root, the baobab and silk-cotton trees, arborescent 
grasses, and the magnificent Vidoria regia lily of 
Guiana, and the rafllesia of the Indian isles, whose 
flowers are 3 fb. in diameter. The forests am magni- 
ficent, with a prodigious growth of underwood and 
parasites. 2. The Iropkal xone, reaching the tropics 
and the isotherm of 72''-5 F. The vegetation wants 
the imposing grandeur of that of the first sons, 
except in a few favoured spots; the forests have a 
less undergrowth and fewer parasites, and the chief 
groups are the pepper tribe, tree-ferns, convolvulus, 
and melastomas, 3. The mUrojnad zone reaches the 
isotherm of GS" F., and to about h»t. 3i°, The 
myrtle, laurel, magnolia^ and forest trees with broad, 
shining, leathery leaves, prevail, and a few tropical 
forms are still found. 4. The Karm-temperah zone 
reaches the isotherm of 51°'5 F. and laL 45°, but 
with an irregular outer limit; the palm is absent 
or dwarfed, and the chief forest trees ore the 
cork, oak, beech, and chestnut; treo-fems in New 
Zealand, heaths and azaleas, cisti, and many legu- 
minosffi are the other forms. 5. The caoUr temperak 
zone extends to lat. 58" and isotherm of 41" F. ; the 
forest trees have small flowers and deciduous leaves, 
except the few conifene, and they nourish lichens 
and mosses. There are fine grass pastures, many 
annuals; and hop, ivy, honeysuckle, aud otlier 
familiar groups abound. In Uie southern hemi- 
^here, Patagonia alone represents this zone. 6. 
The aharclic gone reaches the polar circle and the 
isotherm of SG'S F. in September; the prevailing 
features are grass pastures, forests of coniferous trees, 
birch, willow, and alder woods, and showy annuals, 
7. The arclie zone reaches the isotherm of 41''F. in 
July ; it has dwarf shrubs of creeping habit, as rhodo- 
dendron, andromeda, bog-myrtle, with cotton grass, 
sedges, mosses, and lichens. 8. The poiar stmt 
embraces the lands about the N. pole, and the 
chief plants are herbaceous but of dwarf habit^ as 
saziAnga, pyrola, dryas, a few ranunculi, cochloarla, 
dwarf salix, and some peculiar genera, aa iwryt. 
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eulrema, phippsta, and cdlpodium, not foiind on Alpine 
heights in more southern regions ; tho licLons sur- 
pass in numbers the flowering plnnte. In this zone 
and the last the state of the surface immediately 
preceding that which now exists was extremely 
different; a prolific vegetation flourished in which 
were present forms now only found lu° to 30° 
farther from the pole. 




90. Diatribntion in Altitude. — A division into 8 



correspond] 
natural foundntion :- 
palma, sugar cano, 
coffee, and cotton, 
arums and orchids; 
the ginger tribe van- 
ishes at tlia upper 
part. 2. Region of 
tree-ferns, flgs, and 
melastomns. 3. Lau- 
rels and myrtles, 
acacia and eucalyp- 
tus trees, magnolia, 
camellia, and heaths. 
4, Evergreen trees. 
olive, and arbutus, 
convolvulus, gerani- 
um, and othershowy 
flowers. 5. Region of 
deciduous trees, as in 
the cooler temperate 
zone, oak, beecn, &c. 
Here at 6000 ft,, in 
California, flourishes 
the king of the 
forest, the gigantic 
Wellingtonia pine, 
Tkich reaches 450 ft. 
in height and has a 
diuneUr of 29 ft. 



of altitude seems to rest on a 
-1. MurnccK! (Ijanuna) and 




6. Region of conifers, reaching 9500 to 11,500 ft. on 
the equator, and on the Alps to G500 ft. 7, Region 
of Alpine shrubs and vegetation, as in the arctic 
zone. 8. Region of Alpine herbs, mostly perennial, 
with blue or yellow flowers, mainly disposed in 
patches; chief genera, gentiana, primula, dryas, draba, 
viola, salijc, and carex. The last traces of vegetation 
are a lichen, Itcidia geographka, on bare rocks, and 
an alga, protococcus nivalis (red snow). On the Alps 
the zones of vegetation are as follows : — the orange, 
olive, and flg reach about 050 ft. ; the vine ceases at 
1600 ft.; cherry, walnut, and chestnut at 3100 ft.; 
wheat at 3C0O ft., oats at 4900 ft., barley at 5 100 fl.; 
the alder, ash, elin, oak, and yew reach 4500 ft. ; the 
Iwech 4800 ft. ; pino and larch 6500 ft. Above the 
forest zone are the rich "alps" or pastures; two 
rhododendra and a dwarf heath flower on the edge 
of the perpetual snow; and on bare spots on the 
Mer-de-glace (In jardin), on the Matterhorn and M. 
blanc at 11,509 and 11,382 ft., a saxifrage, a geum, 
pcdicularis, aretia, and others, are found in flower. 

91. Diatribntion in Longitude,— This distribution 
is.inalogous to that 
of animals into pro- 
vinces, and of these 
:ibout 25 are made. 
Ttie higher orders 
:ire more limited in 

j-.ange ; the crypto- ^ftic--^ — ^ ^jf!"*"Tjii!i' 

gamic class, whoso ^^?jii' r^'^'^t^SKt 

sporules are ira- "*■ '^ ■ ■ -^^i^' 

palpable powder, 
the most diffused; 
and as a rule, if . 
the same species ^' 
are common to 
remote provinces, 
they are found in 
the intermediate 
space. This remote 
correspondence 
seems due to causes 
which acted before the surface was broken up by 
geological revolutions, or may still bo acting througji 
various means of transport. Australiiv has 416'j 
species, of which tG€ are found in Europe, and 
these are mostly cryi»togamic; the forest trees arc 
all evergreen ; it has no fruit tree of any kind, nor 
edible vegetable ; yet these are now introduced and 
flourish, as do the vine, cotton, and tea plant, tobacco 
and mulberry, fig and orange. There is no heath; this 
tribe belongs almost wholly to S. Africa; America 
has none ; it is represented there by the azaleas, in 
Australia by the epaoidiw. Of 3000 species of 
flowering plants in the United States, only 400 are 
known in Europe ; America has all the cacti 
(Indian fig) except 2 or 3 species; the mountain 
region of S. America has only 24 species found in 
any part of the Old World, and these are grasses 
and sedges; but the plains have many species found 
also in Africa. As the Old and Ixew "Worlds 
approach, the species become more like ; the species 
common to both are found also in the Aleutian 
isles, which connect the continents. Pelagic isles 
have a peculiar flora, and are poor in species. Thus, 
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St. Helena 
has 30 flower- 
ing plants, of 
which only 
one or two 
are found any- 
where else; 
hilt out of GO 

48 are" found 
in other re- 
gions. The 
flora of the 
Galapagos In 
perfectly dis- 
tinct, hut has 
a S. American 
type. The 
Now Zealand 
flora is very 
peculiar, but 
blends in some 
forms with Australia and the Faeific isles; the differ- 
ence in the abundance of ferns, some of which reach 
40 ft. in height, beiiig caused by its superior mois- 
ture. The far scattered isles of the Pacific and 
Southern oceans have many common species, the 
nearest coutiacnt influencing to some extent the 
floral type. For a like reason the marine vegetation, 
more subjected to transporting agencies, presents a 
greater intermingling of provinces than does the 
flora of die land. There mv, however, many cases 
of very wide range among land plants, which no 
theory of diffusion can expbin; such as the occur- 
rence of many British species on the Falkland isles, 
f. g. primtila fannosa and cardamine hlrsaia, and of 
many N. European species on the Himalayas, as the 
gooseberry and cummt tribe. 

93. Cereals and other nseM Plants. — The distri- 
bution of the cereals has been influenced more than 
that of any otlicr family by the agency of man ; and 
their adaptability to various climates liaa exercised 
a reflex influence on the distribution of the human 
race. AU of 




oats, rye, and millet are nnknown. Rice, maize, 
millet, and occasionally spelt, are the grains of tropical 
countries, though wheat is groivn in many plaees 
within the tropics in winter, as in lower Bengal, 
where rice is the summer crop; oats, rye, and barley 
ofcold countries, or of high countries in low latitudes, 
as in Peru, where they npen at 10,000 or 12,000 ft. 
Rice reaches as far N. as the plains of Lomhardy; 
maize is grown in the valley of the Eliino as far N. 
as lat. 49" ; wheat succeeds best on the borders of 
the subtropical tone (No. 3.), and is of novaluo 
further N. than lat. 60" in Europe, and 46'' to 65" N. 
in N. America (see Art. 37). The limits of the grain 
crops are marked upon the Map ; and by means of 
ten shades of colour we have shewn the regions 
within these limits where the difierent kinds ar« 
cultivated. In central Asia (Ait. 24), in Siberia, 
and parts of the N. of Europe, where the cereals 
will not grow, food is supplied by the growth of 
the quinoa {cbenopodittm gidiwa) and buck wheat 
{Pdt/gtaium fagopj/mm and P. lalaricum). 

The Potato (nat. ord. Solaruie) is a native of 
S. America, and was found under cultivation on the 
Andean plateaux. Cassava is a starchy root of a 
tall, succulent shrub (EuphorUactte), and is tropical 
in both worlds. Airow-root is tho tuber of tho 
mai'anta, an herbaceous tropical monocotyledon 
(Marmtactm), The Plantain or Banana (Mttsaaa) 
is a gigantic tropical herb, a spathose monocotyledon, 
reaching lat. 30" and 5000 ft. of altitude near tho 
equator; its fruit is a large pod or capsule with 
a nutritive flour ; the produce of a given area is 25 
times greater tJian that of wht^t. Indian muslin is 




made of the fibres of its leaves. Tlie Bnadftidt 
tree (Artocarpta), to which the fig also belongs, it 
a tropical dicotyledon, whose fruits and nut« are 
highly prolific. Tlie Tomato is of tho same family 
as the potato. The Tea plant (Camellia ; Una) ia » 
native of the. S.K of Asia, a member of the 
well-known group of camellia. Tho Coflbe plant 
(Cinchonacea; eoffea} is a shnib C to 12 ft, lugfa, a 
native of N.E. Africa, hence taken to Arabi.i, 
whoso seeds are the coffee hcan. The Tina 
(Viniftra or nrmenfucnc; vitii) ia a climbing 
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dicotyledon with tumid joints and stipulate loaves, 
A native of Armenia or Persia. America lias a 
native species, the catauba vine. The Sugar Cane 
is a species of reed (GramineaJ, and is a native of 
E. Asia. The Orange (AuraniiacfM ; dints) is a 
dicotyledonous tree or Bhnib, a native of the E. 
Indies. The citron, lime, and lemon belong to the 
same order. The Cotton plant {Mdvaaa or mallow 
tribt") is a, herbaceous or shrubby dicotyledon, and 
the cotton of commerce is the hairy covering of the 
seed of several species of Gossi/piwm. It is a native 
of the tropics in several countries, and tliere are 
two principal varieties, long staple or sea-island, and 
short staple or npland. The Olive is a dicotyledonous 
tjce or smnb fOUace(r, to which the ash and lilac also 
belong), a native of N. Africa and W. Asia ; the oil 



is contained in tlie pi^rltarij, not in the seed, as 
iu most other plants. The Pepper tribe (Piveracfa') 
are achlamydcous dicotyledons, closely allied to 
monocotyledons, ahnibs or herbs, native in tropical 
America and the E. Indian isles. The Ginger tribe 
(Scilaminfce) are tripctalous monocotyledons, with 
spiked orspathosc flowers, herbaceous, natives chiefly 
of the E. Indies, but some are found on the two 
other continents- The Kntmeg tribe (Myrisikefr) 
are apetalous, dicecious trees, found only in the 
tropical regions of India and America. 
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93. 0«neral ConditionB. — The distribution of man 
over the surface of the globe is analogous to that 
of animals in this respect, that the different varieties 
occupy distinct regions or " provinces," and are 
intermingled along the boundariec There are, so 
to speak, centres of maximum development, and the 
characters become less marked, and the races more 
assimilated, as we retire from these centres. But 
there is this remarkable difference compared with 
the distribution of animals — all mankind form but 
one species, sprung from a single pair; and the 
different races are mere varieties, which must, 
therefore, have be*n in some way brought about in 
time by the action of natural causes. What these 
were has never been determined; and various con- 
jectures have been framed regarding their nature. 
ITio most probable seems to be the effect of climate 
and food, and the maintenance of a separate or ex- 
clusive state of society for a long time ; after that, 
in their migrations, or in their " dispersion," the 
earliest trib^ parted one from another, and went to 
people different re^ons. We know that though 
man has a constitution extremely flexible, adapting 
itself to almost every clime, and can subsist on food 
the most various, yet it is not with impunity that 
a great change of conditions is undergone. Thus 



the climate and food of India soon tell npon the 
health of Europeans, and render necessary frequent 
returns, or a sojourn in sanitaria anio.ig the 
mountains; and it is impossible to rear there the 
cliildreri of European parents. The Anglo-American 
race baa been alrea'ly essentially modified. Such 
influences affect thousands of persons at the 
game time, and not slowly by derivation from 

Viewing facts, then, of this class in the light of 
history and recent experience, we can hardly douht 
that the varieties of man which now people the 
earth were produced in the way above indicated; 
and some of them may even have been brought 
aliout in so brief a space as a few centuries. That 
some of our existing varieties were established at 
an early period we know from Egyptian monuments 
3000 years old, which shew the features andcolonrs 
of the Persian, Jewish, and Negro races. But as 
these and other varieties were so early established, 
and have remained permanent through so long a 
period, we must suppose either that the causes of 
change have ceased to act with the same energy aa 
in times long past, or that the estiroato we have 
formed of man s ngo upon the earth is erroneous. 
The latter is the most probable supposition. 
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Recent geological dlBcoveries point in this direc- 
tion ; and the statements of our most ancient and 
revered Record are not so explicit as to enable us 
to deduce from them an exact chronology, Man 
may thus have existed much longer on the earth 
than has been hitherto supposed, and a much longer 
time may thus be put at our disposal for the growth 
of the various forms of speech, and the modification 
of the offspring of one original pair into the various 
races, of which three at least have had their 
existence for 3000 or 4Q0O years. 

91. Varieties of Kan. — The several races or 
varieties of man shade off gradually into one 
another, and the data on which we must proceed 
are of two distinct kinds, go that classification ia 
difficult, and many systems of distribution have 
been proposed, none of which can be considered 
wholly satisfactoiy. One class of data has reference 
to physiological differences, such as the form of skull 
and limbs, the colour of the hair, eyes, and skin ; 
another is obtained by observing similarities of 
language, cognate roots and points of analogy in 
grammatical stnicture. But our knowledge of both 
is as yet so imperfect, that we cannot look to either 
aa a certain guide ; and as they are quite independ- 
ent, they often point in different directions. The 
science of comparative philology enables us to form 
separate families of speech, to trace certain lauguages 
back to a parent stock, and to assert the existence 
of unquestionable affinities between the dialects of 
peoples whose divergence from the same source 
cannot be proved from history. But identity or 
affinity of language is not conclusive evidence of 
blood relationship, since tnbcs and even nations 
have often (mostly by conquest) lost their own 
language, and have -coma to speaJc that of another 
people; and of the languages of many tribes and 
nations we know aa yet so little, that we cannot 
prononnco upon affinities, much less use these in 
classifying such peoples. Observations on the com- 
parative miysiology of the races are so imperfect and 
limited, tliat they form no safe basis for classification. 
The influence of climate, food, and other modifying 
causes is stiU obscure; and naturalists are not agreed 
on the criteria, anatomical or physiological, to which 
the chief importance should be attached. Hence it 
is that all our generalizations as to the grouping of 
races must be considered as merely tentative ; and 
it is only as respects certain very broad similarities, 
and certain local areas, that we can feel confident in 
th« results which have been reached. 

I. The race to which we apply the name of Aryan 
or Indo-European, Is one wnose identity we are 
entitled to assert solely upon linguistic grounds, 
for among its branches there is much diversity of 
physical characteristics. At the dawn of authentic 
histoiy, we find these peoples spreading from the 
Ganges to the Atlantic, over N oruiem India, Persia, 
Afg&inist«n, parts of Asia iHnor, and the greater 
part of Europe. Within the last three hundred 
years, they have occupied North and South America, 
expelling the primitive inhabitants from nearly the 
whole of the temperate parts of the former continent, 
and from most of the coast districts of the latter. 
The name Aryan has been taken from a word which 



appears in the old Persian tongue, applied by the 
people to themselves as distinguished from the in- 
habitants of Turan — the steppes of the Oxns— and 
which is also the source of many words in Greek, 
German, and other languages of the same group. 
The chief subdivisions of tliis great group are the 
following : — 

SI.) The Hindoo, occupying Northern aud Central 
ia, and parts of the mountaiuoua region to the 
N.W, of India, mixed in many places with aboriginal 
tribes speaking some Turanian language, 

(2^ The Pereian, occupying the county K of 
the Tigris and N. of the Indian Ocean. The oarty 
language of this division — the Zend — is the source, 
as well of old Persian as of Median, and of most of 
the dialects spoken over the country S. of the Caspian 




as far as Bcloochistan, The Armenians may be 
classed here. 

(3.) The Italo-Hellenic, or Bo.called Pelasgic, in- 
cluding the ancient Greeks and Macedonians, moat, 
if not all, of the peoples of Italy, the Sicels of 
ancient Sicily, and probably the Carians, Myuans, 
and several other races of Asia Minor. 

{i.) The Teutonic, including the Goths (whose 
language is the earliest fonn of German known to 
us), and, among modem peoples, the High Germans 
of Central and Southern Germany, the Low Germans 
on the coast of the North Sea and on the Lower 
Rhine, the Danes, Norwegians, and Icelanders 
(whose language approaches more nearly to Low 
than High German), the Swedes, and the English, 
who are substantially a branch of the Low German 
race, with some admixture of Keltic and Scan- 
dinavian blood. 

(5.) The Keltic, including the Gauls of modem 
France (who exchanged their aboriginal language fur 
Latin in the second and third centuries of our era), 
the Welsh of Wales and Cornwall, the Irish, the 
Scotch Highlanders, and the inhabitants of the Isle 
of Man. 

(6.) The Sclavonic, of whose two leading groups 
the one includes the Russians, Serbs, Croatiani^ and 
the inhabitanta of the N.E. coast of the Adnatic, 
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-while the other consiBtB of the Poles, the Czechs of 
Bohemia, the Slovaks of Northern Hungary, and 
some less conspicuous tribes. The Wends of the 
Baltic coast probably belonged to the same group. 

(7.) The Lithuanian, including the Letts and 
cognate tribes of & Prussia and W. Kussia (Lith- 
uania), whose language has preserved a cloEer re- 
sembhnce to the supposed aboriginal tongue of the 
Aryan race than any other except Sanskrit and 
possibly Zend. 

Nearly the whole of Europe is occupied by 
branches of this great family. The only non-Aryan 
tribes settled in it are : — 

The Turks, scattered thinly over European Turkey, 
who speak a Turanian language, and migrated hither 
in the fifteenth century from W. Asia. 

The Magyars or Hungarians, who (intermiiced 
with the Sclavonic races] occupy Hungary and part 
of Transylvania, and who passed into the Danube 
valley in the ninth century, coming, like the Turks, 
from thepluna beyond the Sea of Aral. 

The Finns, wliose language is allied to Hun- 
garian ; and the Lapps, speaking a Turanian tongue, 
whose affinities are imperfectly known. 

The Basques of Beam and Biscay. Their language 
is certainly not Aryan, and it has therefore been 
plausibly supposed that they are the sole surviving 
representatives in Europe of the primitive Turanian 
population, which prooably occupied much of it 
before the arriv^ of the Keltic and Teutonic peoples. 
The Iberians of ancient Spain may probably have 
also belonged to this stock. 

The Bulgarians are a Sclavonic people, but there 
remain several other peoples whose place in our 
classification is still matter of controversy : the 
Wallachs or Eoumons of the Danubinn principalities, 
who speak a language derived from Latin, but of 
whose origin little is known, and the Albanians, a 
diacuBsion of whose ethnological afGnities would lead 
ns into details for which there is no space in the 
present sketch. 

IL The second great family, the Semitic, is also 
classed as such on philological grounds, all the 
languages spoken by its members presenting a close 




similarity in their roots and their grammatical system. 
To this family belong the Arabs, Jews, ancient Phca- 
nicians and Ass3nians, and many minor tribes of Asia 
and N. Africa, including some at least of the peoples 
of Abyssinia. 

Physical and intellectual qualities of tlie highest 
order, capacious, well-formed heads, a well-propor- 
tioned and robust frame, and great personal beauty, 
have in all times distinguished the A^anand Semitic 
races; they have always shewn an aptitude to 
lead and command, and have been dominant in all 
countries where they have arrived. 

III. The so-called Turanian races do not form a 
family in the same sense as the Aryan or Semitic; 
the family is little more tlian the name of a residuum 
into which philologists throw those languages which 
cannot be referred to either of the other two great 
groups; and AUophylian ia perhaps a better name 
than Turanian, as it less suggests an identity of 
origin or a dose relationship. 




Tliis race occupies a vast territory, comprising the 
centra], southern (except Malaya), eastern, and 
northern parts of Asia and the Atretic shores of 
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Europe and America, and erabracea a great variety 
of nationa — the Tibetans, the people speaking Tamil 
and Telegu in S, India, and the bill tribes of varions 
distriets; the people of Cbina, and Japan, tbe 
various Tartar tribes, the Samoiedes, Finns, Lapps, 
and Esquimaux. The moat extreme forms, as tbe 
northern Chinese and Kalmucks, are distinguished 
by a yellow or sallow olive complexion, straight, 
coarse, thin hair, scanty or no beard, a square, 
bnxid cranium, low forehead and broad face, small 
nose, high cheek-bones, and small eyes set obliquely; 
even in the best4cvcloped families of this race the 
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stature is small, with broad shoulders and short 
neck. Ab a rule the race is not remarkable for 
persona] beauty; yet some very beautiful women 
are found among the Chinese, Japanese, and Tartars, 
especially those of the high Steppes; the fairest in 
complexion are found among the people of Tibet, 
as in other cool climates. Among the highest 
branches of the family may be named the Magyars 
of Hungary, tJie Finns, and the Turks. Thehinguage 




of tbe Indo^inese, Chinese, and Japanese is moco- 
sylhbic, and of most singular stmcture. The 
languages of the other nations have but » al^ht 
resemblance. 

IV. The American variety of the human race has 
more analogy with the l\inmian than with any 
other, the connecting link appearing to be the 
Esquimaux of the Arctic regions. Through the 
Chinooks and Athabascans tlie chance is scarcely 
perceptible, and these pass gradually into the Red 
men of the central regions. These again merge into 
the Mexican and S. American races ; and there can 
be now little doubt, as well from physical characters, 
form of sknll, intellectual capacities, and affinities 
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of language — the grammatical structure being some- 
what similar in ^, though the vocabularies differ 
— that the whole continent has been peopled by one 
race. — Among themselves there are many varieties 
between the almost black inhabitants of Lower 
California and the fair races of the high mountain 
plateaux; but the same occurs in the case of the 
other races of men, and has a manifest relation to 
climate, food, and social habits. 

V, The Negro race is located in Africa, S. of the 
Sahara desert, and is found in its most typical fotms 
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oa the hot S. wcatem pltuns and river deltas. In 
these the ^dn ia blauc and Bhining, the skull is 
compresBed and elongated, the jaws project, tho 
forehead is low and retreating, the cheek-bones 
prominent, the nose flat and broad, the hair is short, 
black, soft, and curly like wool, the beard is scanty 
or wanting; but there is ^eat diversity in the 
different regions of the continent The Gallas on 
the Abyssinian frontier, the Soudan nations, and 
many Nubian tribes approximate to the Mongolian 
or Semitic type ; they are of a dark brown colour, 
of fine vigorous frame, full of intelligence and enei^, 
dominant and aggressive in their character, and in 
religion M^ometan. The Gallas and Denkas of the 
Nile valley approach nearest to the Coptic tribes, 
the ancient ruling race in Egypt; and thus a link 
may perhaps be formed between the white and 
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black races. It is also remarkable that in mounts 
districts and high dry plains the negro form and 
features are greatly modified, approaching the same 
type. From this cause, and probably also by in- 
termixing with a Malay emigration from Madagas- 
car, the Kaffirs of the south dificr much irom tlie 
negro type. 

It seems to be now forced among physiologists 
that there ia no oi^anic difference between the ekin 
of Europeans and that of the coloured races. The 
colour in all of these is produced in the same way as 
the abuormal discotorations which take place in the 
skin of Europeans. These all depend upon the 
development of minute granules of a dark pigment 
in cells between the outer skin or cuticle and the 
cutis or second skin. These pigment cells are pro- 
duced even in the case of lentigo (summer freckles), 

VI. TheNegritosorOriental Negroes of Australia 
and Papua form a group more nearly allied to the 
AMcan than to any otner; and it is said also that 
their languages have some affinity. Their colour is 
nearly black; but in Australia the hair is not of the 
same wool-like steucture as in the true negro ; it is 
long, lank, and nnfrizzled; and in pbysicfu qualities 
thoy are inferior to the negro. In N. Australia, and 
in Papua, there is a close approach to the African 

r; it was the same in Van Diemen's Land before 
race became extinct; in Australia the race is 
rapidly disappearing. From their isolation, perhaps, 
tl^ are lower ia the scale of intelligence sod 
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civilization than other negroes ; those of Australia 
indeed are said to be the most miserable and de- 
graded of the whole human family. Whether the 
Oriental negroes are a colony or a race originally 
varied in their present seat, it will bo impossible 
to determine till the languages liavo been more 
carefully compared. There is an outlying family 
of this race, the Mincqiies and Andamaners, in the 
island groups of the Bay of Bengal; and another 
in Central India. 

VII, The Malay variety had its first seat in the 
S. of the Malay iMJninsula, and has spread to Mada- 
gascar on the W. and FormoBa in tho N.E, through 
the great islands of Malaysia. They seem to have 




a closer affinity with the Turanian race than with 
any other; they have fine physical qualities, great 
courage and daring, and are not incapable of con- 
siderable progress in civilization. The colonr is 
olive, brown, or yellow. Long given to piratical 
practices in the Eastern seas, they may have been 
driven by stress of weather to Madagascar, 3000 
miles across an ocean without a single intervening 
island, and have settled in it, unable to find tlieir 
way back ; there are remnants of another race, 
however, allied to the Polynesian blacks. 

VIII. The Polynesian Malays occupr the scattered 
islands of the Pacific, from New Zealand to East«r 
isle inclusive, and have unquestionably undergone 
modification, no donbt from oceanic influences. In 
some of the islands they have little of the Mongol or 



PHYSICAL GEOGEAPHV. 



Mala; aspect, are much more handsome, have fine 
brunette complexions, beautifully formed limba, and 
differ from Europeans merely in the wider ilostril 




and tliicker H|i. TUey have been found capable of 
considerable culture; and even among tbe most 
savage of tlio islanders, a great revolution bas been 
wrought since their acceptance of Christianity. All 



the langnages have the beuuo grammatical structure, 
though their vocahulariea greatly differ; but too 
little knowledge has as yet been gained in regattl 
to tbe structure and affinities of these languages to 
enable us to generalize safely. 

M. Densi^ of Popnlation. — On a small separata 
Map an attempt is made to indicate tbe compuative 
density of population, but it is difficult to give de- 
tails by shades. The density is greatest in the 
isbind of Bermuda, where there are 477 persons to 
every square mile. Kext is Belgium, 438, where 
cultivation is by the spade and hoe, and 43 per 
cent, of the fsjms are under 1 \ acres; next is Chma 
proper, 288 ; Netherlands, 275 ; Great Britain and 
Ireland, 245 ; Japan, 233 ; Mawachuscts, the most 
dense in America, 157; United States generally, 
11-3; S. America, 4 03 ; Iceland and Faroe isles, 1 8 ; 
basin of the Amazons, 1 person to 10 square miles ; 
Patagonia, 8 persons to 100 square miles; Green- 
land, 1 person to 100 square miles, 

96. Religions of the Qlobe. — A second separate 
Map shews how small is the area yet possessed of 
the highest civilization !— The people professing the 
Christian religion number about 355,000,000; thooe 
professing the religion of Mahomet, 120,000,000; 
and those attached to one form or other of heathen- 
ism, 733,000,000. 



MAP 3:X.-GE0L0GT OF THE BRITISH ISLES. 



97. Tlie geological structure of the British Isles is 
so typical of that of the whole globe, that there are 
very few members of the entire series of rock forma- 
tions that do not occur with us. The series as de- 
veloped in these islands is given in the reference 
scheme ui>on our Map, embraced in tliree classes : 
— I. The palfsozoic formations, containing the 
records of the old life of the globe, which extend 
from the fundamental azoic rocks to the top of the 
coal formation ; 2. The mesozoic rocks, ending with 
the chalk, whose fossils represent a middle or 
intermediate life period; and, 3. The tertiary or 
cainoeoic, in whicii the existing forms of life first 
begin to appear, — The older formations, hard, 
crystalline, and enduring, impress their marked 
physical aspects on all the mountain tracts of the 
three kingdoms. The newer formations, soft and 
incoherent, give their smooth and Rowing outlines 
to tbe plains and dales. 

According to the order of mineral eucceasion 
indicated on our Map, the base of the entire 
geological series in tliese islands is the granitic 
gneiss of the Hebrides, This rock (No. 16 of the 
Map) occupies the whole of the Long Island from 
Banra Head to the Butt of Lewis, and a narrow 
tract on the S.W. coast. The strike b usually 
N. of W., and the strata either vertical or dipping 
to the S.W. or N.K. Bosses of granite rise through 
it, and it is everywhere i)enetrat«d by granite veins, 
as if underlaid by a great body of this rock, or as if 
once flanked seaward by a broad granite band now 
washed away or sunk down. The gneiss consists of 



quartz, felspar, and hornblende, the quartz being 
often in very small quantity, and mica often 
replacing the hornblende, or occurring with it in 
occasional scaler only. Thus the main ingredients 
are felspar and hornblende. The upward succession 
is represented on the annexed diagrammatic aedjon 
(Fig. 21). On the highly inclined beds of 
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[a), a sandstone (b) rests unconformably in nearly 
liorhcontal strata, conglomerate in the lower part, but 
upwards sub-crystalhne, approaching the stracturs 
of quartz rock. It b con- 
sidered to bo of Cambrian 
age (No. 15), and m.iy be 
conveniently termed the 
Torridon sandstone, from 
mountains of thb name in 
Applecross. Over it arc 
two quartzites : c", with 
annelid burrows, as on 
annexed nil (Fig. 22), a r*. ix 

greybh-white rock ; the 
other, c*, reddish brown with fucoid impreinoD^ 
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as on annexed cut (Fig, 23). 
by the former look as if snow- 
cud, and get the local name 
of "Greyheads." Over this is 
a limestone (e), in which nt 
Durness, in N.\V. Sutherland, 
fossils have been found, con- 
sidered to bo of lower Silurian 
age. The above succession 
is undoubted, being distinctly 
seen on many clear sections. 
To these beds there succeeds 
eastwards a great series of 
slaty rocks (d), "newer gneiss," 
mica and chlorite schists, flag- 
stones, and clay-slates, which, 




thoTigh generally 



highly crystalline and without fossils, must, ac- 



Fig. 21 not yet identified ; d the upper schists, with 
limestone beds; g granite, forming the shoulder of 
Ben Nevis; t, greenstone (hornblende and felspar), 
forming the axis and mass of the mountain. 

The sections in Applecross and Assynt are truly 
magnificent. The sandstone mountains, with the 
quartzite cappings, rise to the height of 3500 and 
4000 ft. from the wooded shores of the wild sea 
lochs, often as isolated as the Pyramids; thus 
shewing an amount of denudation without any 
parallel in the British isles. [Sec iVofe at the end.] 

98. Engliih utd Iriah Canbrian. — This lowest 
fossiliferous formation is 
divided into two groups ''-''A 
(No. 15):— 1. The lower , V. 
or Longmynd, consisting v^ '<i- ' 
of (o) the Llanbenis and - - ' = — ■ 
Anglesey slates and Har- 
lech grite, in all 3000 ft. 
thick, with annelid bur- 
rows and 30 species of 
fossils, trilobites and other 
crustaceans, brachiopoda, 
&c; in Wicklow and 
Wexford the singular Old- 
liamia coral (Fig. 25) ; and (b) the Menevian beds 
of St. David's Head and Dolgelly, with 40 species 
cf fosailB,ofwhichoneis the largest known trilobite, 

being 1 ft. 10 in. long. 2. The upper 

roup has also two members; (a) the 

jingula flags of Merioneth and St. 

David's Head, 6000 ft. thick, with 40 

species of like fossils; and (b) the Tre- 

ncx. madoc slate^ which are very partial, 

LucQDu 1000 ft. thick, and with 36 fossil 

CAvuiL apedes, half of which are allied to lower 

Silurian typeo. Here bellerophon, orthoceras, 

cyrtocenB, and other cephalopoda have their lowest 

btnizon ; L. Daviaii (Fig. 26) is characteristic. 

99. The Silurian Bjatom. — This great formation 
(No. 13) is extremely distinct in its mineral char- 
acter and fossil groups. It consists of hard, dark- 
cdonnd lUtee, fl^tones and aandstones, limestones 



cording to this view of the mineral succession, 
overlie the limestone and quartzites, and with them 
be in the place of the lower Silurian formation 
(No, 14,1. Those crystalline schists, which also 
contain beds of limestone, occupy the central High- 
lands and the N.W", of Irehtnd as far as Galway 
bay. Mainly along an axial line, granite (y) 
breaks through the schists, and forme the highest 
mountaioa in the Connemaro, Donegal, and Scottish 
Highlands; and owing partly to thi8 cause, partly to 
a bending under pressure connected with their 
upheaval, the strata ore thrown into immense folds 
in their line of dip, which is either N.W. or S.E., 
the strike being N.E. and S.W., producing syn- 
clinal troughs and anticlinal breaks, on one of 
which latter lies the great glen of Scotland. 
Here (Fig. 24) e\ c' are quartzite beds; ^ of 



and fine roofing slate, with vast intercalated igneous 
products, some crystalline, others in the state of 
tuffs or ashes, in fact semifused or disintegrated 
lava r&arranged by water. Granite bosses (3) 
everywhere protrude, converting, in Dumfries and 
Down, coarse slates into a gneiss consisting of 
quartz, felspar, and mica. Three fossil groups have 
such preponderance as to be almost pccaliar to the 
system : 1, The graptolites or "sea pens" (Fig. 27), 
family of polypi, number &7 speciea, range through 
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<i, Dii.logr.li.. 

i, DiiiTuioat" 
mTdkIui 

whole formation, and thei 



disappear from the 



geologic record. 2. The trilobites fFig. 28), extinct 

crufltaceana of 3-lobed body, which underwent 

metamorphoses like crabs, and were discovered in 

1870 to have had, when perfect, 8 legs. They 

number 263 species, of which a very few rise into 

the Old Red Sandstone. The family then becomes 

extinct, 3. The third group is that 

of the brachiopodous bivalve shells, 

the species of which are double the 

number of other bivalves; this ratio 

gradually diminishes upwards 

in the present creation, they aro 

only onc-forty-fourth of the whole ^- »■ 

number of bivalves, reckoning even onTiiis rLABKttrit 

the discoveries in the late dredginga in the Atlantic 

Ocean; the genus Orlhis ia characteristic (Fig. 29), 

The entire fossil fauna numbers about 1500 
e^wciesj there are many corals, encrinites, and other 
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veiT like existing 
1 "tlio mudstoncs! ' 



lower forms; some Btar-fishes, 

species, are perfectly preserved i 

Here, in tlic up]>cr aud lower Ludlow rock, thi 

vertebrate tj-po first api>eors; fislies of the genus 

Ptemspis have close rctntions witli the sturgeon, 

high in tlie scale of fiah organization. 

The divisions of the system arc an follows, order 
ascending: — 1. Lower Silurian; (a) Arenig or 
stiper-stoiio beds, 10,000 ft. thick; (h) Llandeilo 
iliiM, 4500 ft.; (e) Bala and Caradoc beds, 12,000 ft. 
2. Upper Silurian: {«) Llandovery formation, con- 
sisting of Lower Llandovery rocks, 000 to 1000 ft. ; 
('') Upper Llandovery or Mayhill sandstone, 800 ft. 
thick, both forming beds of jMissage; (c) AVenlock 
formation, consisting of (IJ Woodhope- limestone 
and shale, and (2) Wenloclc limestone and shale; 
total, 4000 ft,; (rf) Ludlow formation, (1) Lower 
Ludlow beds, 1050 ft., and (2) Upper Ludlow, 780 ft. 
—Total thickness about 30,000 ft. 

100. Old Bed Sandstone and DeToniau. — Tlicso 
two formations (No. 12) Bccm to have originated 
contemporaneously on different portions of the 
same horizon, the former as a fresli-water or estuary 
sediment, the latter as a marine deposit. This is 
inferred from the resemblance of the Old Red fishes 
to those of the American and African rivers; from 
the total absence of corals in the Old Red, and their 
abundance in the Devonian; the abundance of 
marine mollusca in this latter, and the occurronce 
as yet of but one 
shell in the Old 
Red, a fresh- 
water mussel, 
the Anodonta 
Jnktsii (Fig. 30), 
from the Kiltor- 
kan beds in the t s u 

S. of Ireland. Both formations contain land plants 
allii.'d to those of the coal. Each contams 3 groups ; 
— 1. Tliu lower Old Red Sandstone consists of shales, 
slates, and "pavement" or flagstone, and con- 
rlomerate, 




ij-ing along 
the S.K of 




taccan Ptcrj'gf.tus, 5 or C ft. long and I ft. broad, 
characterize the groni>, to which also belong some 
beds at the base of tlie Caitlmcas series, containing 
gmsslikc plants and remains of Ptcraspi". 2. The 
middle group comprises the bituminous and red 
schists of Caithness, Orkney, ood the S. ^orcs of 



the Moray Frith. This and the lower division 
are remarkable for the number and size of their fiah 
remains of the Ganoid order, having shining scales, 
aud allied to the bony pike ; the largest being the 
Asterolepis, a cartilaginous fish with bony armour, 
and between 20 and 30 ft. long, A natch also 
occurs near Tarbet-nese. The fishes of this diviuon 
number 70 species. 3. The upper division lies next 
to the coal in Fifeshire, and at Dura Den near 
Coupar is a yellow sandstone abounding in fish; 
patches occur at Dunnet Heed, John O'Oroat's, 
and Elgin, and tlie Old R«d of the Tweed valley is 
probably of this age. The division lias yieldtsd 15 
species of fish. 

The Devonian of Devon and Cornwall also forms 
three groups :— 1. The lower or Lynton group: («) 
soft shales with corals and 1 8 species of bivalves ; (i) 
sandstone without fossils. 2. The Ilfracombe group : 
(n) soft shales and Plymouth and Torbay limestone, 
104 bivalves, 51 corals, &c., and fish remains the 
same as those of the Old Red Sandstone in England 
and Russia. 3. The Pilton group: (a) sandstone 
with land plants and m.irine shells ; (b) slatoa and 
limestones with fossils ; corals, trilobites, and mol- 
lusca 150 species, of which 30 i)ass up into the next 
system. Two bivalves only are common to this and 
the Silurian formation. Old Red rocks form entire 
counties in the United Kingdom, aud rise into high 
mountains. 

lOL CarbouiferooB System.— The economic valuo 
of its coal, ironstone, freestone and limestone 
renders this formation the most important of the 
whole series. It consists of three parts limestone 
at the base, millstone grit in the middle (\o 11) 
and the " coal measures ab<v (N I i Vt ll o 
base of tlie limestone, thero 
are shales full of fish remains 
iu the N. of England, sand 
stones and shales are inter 
stratified with it; and in 
Yorkshire beds of sandstone 
shale, limestone, and imi>cr 
feet coal (Yorcdalo rocks of 
Phillips) lie between it and 
the millstone grit. This 
limestone is chiefly made up 
of corals and cncrinites 
many species of orthoceras 
and other cepholopods 700 
of marine shells, and 70 of ) 
fish have been found ni it i\ 
(Fig. 32) ; it no doubt ongin 1^ 
ated in a coi'al sea of pure 
water like that of the Ba ^^3^ 

hamaa. The millstone grit pw-onzEia AQrimti. 
is a cop.rse freestone, mR<le up of the ingredients of 
granite, and contains cool plants: it caps the hi^icst 
mountains of the Pennine cluiin, but la not knows 
in Scotland or in Ireland (t). The coal measnrea (c, 
c, c), annexed cut (Fig. 33), consist of sandstone, 
shale, ironstone, and coal ; and are usually found 
in basins or troughs, which are cither original 
surfaces of deposition, or formed since by fractures. 
The bottom of the basin being usually Old Re<l 
Sandstone (a), rimng up on either side and bound- 
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ing the basin ; over tiaa is millstone grit (h), the 
cover or lid being unconformable beds of the 
newer formations {d, e, f), New Red Sandstone, 
Lias, Oolite, &c. Tlio foaaiL are chiefly land plants, 
but there arc also fresh-water, catuary, and marine 
shells, with remains of hatrachian reptiles (allied 
to the froga), gigantic white ants, crickets, cock- 
Toachea, and curculionidm, besides many fishes, of 
which tha Holoptijchivs HUAerH traverses the whole 
formation from the upper coal mcasurea to tbc 
lowest limestone. The plants are a few coniferous 
trees allied to the Norfolk Island pine (Araucaiia), 
a few apecica allied to the Arums, ferns and treo- 
fems, lycopodiuma (Lepidodendron) (Fig. 34), and 
equisetums (Calamites) (Fig. 30). In the pure cual 
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itself remains of all these have been detected, 
shewing how coal was formed. The beds of iron- 
atone seem to have originated in the segregation 
of the iron meclianically diffused in the sediment, 
and from decaying vegetable matter, in the aamc 
way as our "meadow" ore is formed; tho iron would 
be in the state of oxide, and the abounding carbonic 
acid (in sucli a state of things) .would convert this 
into a carbonate, with which clay would be mixed, 
or vegetable matter, forming the clay carbonate and 
tho "blackband." Sir CharleB Lyell accounts for 
the purity of the coal amid such a mass of sedi- 
ment by what ho saw in tlie Mississippi delta ; a 
dense margin of reeds and grass prevents any sedi- 
ment from entering the lagoons where vegetable 
matter is accumulating. In this vast delta layers 
of sediment alternate with one another, as we find 
in our "measures," and cover and underlie pure 
vegetable beds. While this mechanical process is 
tb work, animal and chemical forces are forming 
coralline limestones with shell and fish remains in 
the sea of f^orida and the Bahamas. In such an 
archipelago enclosed on all sides by islands of tho 
older naa (Art. 48), was formed the limestone of 
the central plain of Ireland, by far tho largest body 
of this rock in the British isles, and in Europe out 
of Bussia. The sedimcntair beds have little de- 



velopment, however, and the coals and ironstones 
are in limited quantity. The vegetation and animal 
remaina of the whole British aeries shew that the 
climate of the coal period was warm and moist, and 
nearly represented by that of New ZeaLind at tho 
present day, where the fern tribe have their 
greatest development, and the coniferoi are in 
greatest numbers. In England the crystilline and 
sedimentary beds are both greatly developed, being 
respectively 4000 and 18,700 ft. in thicKness; in 
Scotland the sedimentary beds vastly predominate. 
Tlie limestone does not form a thick fundamental 
rock; it is, in fact, intercalated among 
tho coal measures in all positioas from 
base to summit, tho total thickness in 
Lanark and Fife being about IQO ft., 
and in Ayr 200 ft. The Scottish 
aeries is tlms lower than the English, 
yet such is the unity of tliis great 
system, that the fossil groups are the 
same. The following are the numbers 
of the fossil species in these beds in 
tho W. of Scotland, determined up 
to the present time (Aug. 1871). The 
total number of species is about 170; 
of these CO are corals, 71 Crustacea, 
127 lamellibroncluate molluaca, and 50 brachiopod- 
oiis; 75 gasteropoda, 43 cephalopoda; 90 plants, 84 
fishes, and 7 reptiles. The orthocorns (Fig. 36), a 
straight chambered cephalopod, is widely distributed, 
[Mr. Armstroiifi in Trangtic. Geo. Sockti/ of Glasgow, 
Vol. 111., Aii^'. 1S71.'\ 

lOS. Permian System. — This system rests uncon- 
formably over tho coal, and ia tho highest group in 
the palreozoic series. It is so placed bccnuso out of 
150 species of fossils, not one passes into tho uest 
group above, while a few descend into tho carbon- 
iferous system. There are, however, at St. Cassion 
and HaUstodt in the Austrian Alps beds of passage 
connecting the palicozoic and meaozoic aeries. The 
English Permian has tliree divisions: — 1. Tho 
Lower, — angidar conglomerates {Ilolhiodl-lkgendes) 
and red sandatone, sometimca with marl and 
gypsum, in tho Vale of Eden and county of Dum- 
fries, with reptile tracks on Corncockle Muir; 2. 
Middle, — maguesian limestone (Ztclwlihi) and marl 
slato (Kvj'/er-Schie/er), Nottingham to Tynemouth, 
COO ft. thick ; N.W. coast, 10 to 30 ft. 3. Upper,— 
sandatone of N.W. coast, GOO ft. thick; total thick- 
ness on N.W., 3630 ft., in N.E., 950 ft. There arc 
two patches of No. 1 near Ajt j one at Ilolywood on 
Belfast bay of No. 2, and another near Ardtrcogh, 
in Tyrone, of No. 2. The entire fauna consists of 
77 bivalves, a few univalves (Mylilus) (Fig. 37), 20 
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species of fiah, a lacertian reptile (ProUyosaunis), 
and several batracltian, with nmny eiicrioites, comls, 
Ac, as Synodaiiia (Fig. 38). 

Tho fishes of the Permian and older formations 
are difltinguiahed by a peculiar structure of the tail j 
the tail-fin was unequally lobed, like that of the 
sturgeon and shark, and, as in iJiese, the vertebral 
column extended into the upper and larger lobe; 
fishes of the later formations, and, with a very few 
exceptions, of the existing creation also, have the 
tail-fin equally lobed, like that of the salmon, and 
herring, and the vertebral column not prolonged 
into either lobe, but stopping short near tho point 
of bifurcation. 

103. The Trias or New Red Sandstone. —Of the 
three groups whence this formation has its foreign 
name, only two exist in the British Isles, the 
middle division, the Muschclknlk, being absent. 
The British divisions are: (1) Lower New Red or 
Buutcr Saudstoue, about 1500 ft. thick; and (2) 

the Upper New HeJ Sandstone or 
Kcuper, with rock-salt, and clays 
containing gypsum. The two form 
tSio great central plain of England, 
encircling the Pennine chain, and 
extending with breaks into Devon. 
The Keuper is fully developed on 
the & E and E. coast of 
Antrim where it contains 
rock salt In Scotland 
the Tnaa is as yet recog- 
nized m but one spot 
ntar Elgin, where the 
lower beds (No. 1.) con- 
tain remains of a small 
reptile, Hyperodapedon, 
of most peculiar atruclure, 
unlike any other fossil 
reptile, but most closely allied to a living 
reptile, the Sphenodon, found only in New 
Zealand; a remarkable example of the 
persistency of organic forms. Of other 
fossil species there is one marsupial, several other 
reptiles, as the Cheirotherium of the Storeton 
quarries ne/ir Birkenhead, and Dinosaurians of 
the dolomitic conglomerate of Bristol, which 
is of loiver Tiiassio age; encrinitea abound 
(Fig. 301 

104. The Jnrudo FormatiDiiB.— These consist of 
two great divisions, tlio Lias and Oolites. 

I. Lias.— The Rh-ETIC Beds resting on the Up- 
per Trias we true beds of passage into the Lower 

town OiU^A, MUUlo OjUU. Ui';<:i OoIIUl Gr 




Lias. Tlioy are chiefly cream-coloured impnrenme- 
Etone, distinguishod so universally by one shell at 
to be called the Avicula Conlorin bed of the Lias. 
The thickness does not pass 50 ft., and is usually 
much less. 

The Lias formation consists of dark stiff clays, 
finely laminated sbaly clays, limestone, often ft 
coai'sely crystalline marble, in irregular beds, and 
white or cream-coloured fine grained impure lime- 
stone, used for lithography. But these do not 
occupy determinate places. (I) Tho Lower Lias, 
reaching 900 ft. of thickness, is divisible into 7 
zones, each of which is characterized by peculiar 
species of ammonites which do not pass into the 
other zones, though from a half to a fifth of the other 
fossils do 60 pass. (2) Tho Middle Lias or marlstoue 
consists of three distinct zones; and (3) the Upper 
Lias of two, the highest being sandy beds passing 
into the Lower Oolite. The beds are conformable 
from top to bottom, and constant in their positions 
across England from Lyme Regis to Whitby. Tho 
formation is most prolific in fossils; there are 117 
species of fish, several plants and insects, nearly 
lOOO molhisca, of which more than one-fourth are 
ammonites. But the most remarkable fossiU are 
several species of two genera of huge marine air- 
brenthing reptiles, Ichthyosaiuus (Fig, 40), some of 




which measured 24 ft., and PlesiosaUTus (Fig. 41), 
some of 18 to 20 ft. They are of extraorainary 
structure, and their habits, thence deduced, moat 
singular. Skye has tho lower and middle beds; the 
N. of Ireland the Lower Lias and the Rhntic beda. 
II. Oolites, — The Oolites or Jurassic proper are 
a series of clays and sands, areuaceoas limestones or 
calcareous sandstones, of enormous thickness, and 
occupy a zone acroes England 30 miles broad. The 
principal beds are shewn in tho annexed cut 

Sud. ruiUoClir Atlaiium. LoBdaa Clij. 




(Fig. 421. In passing from London to Gloucester 
or BirmmKkam the beds rise from below one another 
in succession, the escarpments directed N.W., the 
days bdng worn away aud tlio limestones standing 



The clays are cbiefljr in pasture, the limestones 
under culture. The fnala are extremely numerous, 
all forois of life beingrepresented. The Porbeck 



beds al the top, 



ihiOf 
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flteilH*! 



'ater, and a vetyloc&l 
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^, _B ironderMly prolific in every order. 

The OolitM are repreeented in Scotland by the 
lower and middle beds, on the E. coast of Skye and 
It Brora in Sutherland, at which latter they contain 
coal beds 3} ft. thick; but they do nob occur in 
Ireland; the clialk seriea there reats upon the Lias. 
The following ia a complete list of the beds, of which 
aome are left out in the section, order ascending -. — 
1. Inferior; 2. Fuller's earth, very local (Bath); 3. 
Stonesfield slate; 4. Gi-eat or Bath Oolite; 5. Forest 
marble; 6. Combrash; 7. Kelloway rock; 6. Oxford 
day; 9. Coral rag; 10. Kimmeridge clay; 11. Port- 
Und sands; 13. Portland stone; 13. Purbecke 
(local), fresh-water. No fossil species, vertebmle 
or invertebrate, is common to the Oolites and the 
overlying chalk series. 

105. Cretaceona Series. — The principal member of 
tluB aeries is the white chalk, a pure limestone ; ard 
there are also impure limestones and some clay 
beds. Tlie position of these is shewn in the last 
cat (Fig. 42). We have first, in an ascending order, 
tiie Wealden beds, sands, clays, and limestone, a 
aeries chiefly fresh-water, embraced in the lower 
cretaceous or Ncocomian formation, and occurring 
chiefly in the Weald of Kent and Surrey, where 
they appear on account of extensive denudation 
between the N. and S. Downs. They were formed 
in the delta of a great river, and have yielded some 
enormous reptiles. The 
Speeton clay at Flam- 
boro' Head is on the 
same horizon. The up- 
per cretaceous series 
consists of the Oault, a 
dark blue marl 100 Ft. 
thick, and very fossil- 
iferous; over it are the 
diloritic greensonds; 
next chalk marl; and 
over this the lower 
white chalk, several 
hundred feet thick 
without flints; and the 
npper white chalk with 






Tlie entire aeries, more especially this upper 
member, is most proiitic in the remams 
of life ; and it ia not a little remarkable 
that many of these survive to the pre- 
sent day, and have been very recently 
found existing at great depths in the 
Atlantic, though b«ore supposed to be 
long extinct. On the floor of that ocean 
also, there is now being thrown down, 
mainly throng^ animal influence, a de- 
posit very much resembling the ancient 
chalk. — This sarieshas no representative 
in Scotland, except a few fliuta with 
chalk fossils eiref the granite claya of 
Aberdeen; Uieir origin is wholly un^ 



known. In the N. of Ireland the series is repre- 
sented by three distinct beds of grccnsand, tlie 
lower resting on Lias, and by white, hard chalk 
with flints. Of the white chalk and greensand 
the fossil forma are most varied : sponges, echini, 
nauliti, belomnites (Figs. 43, 44, 45), ammonites, 
baculitea, terebratula, pecten, oysters, but very few 
univalves ; many reptiles, fishes, chiefly sharks, 
turtles, but few traces of plants. 

108. Tertiary FormationB — Eocene. — We enter 
now upon a vast group of strata which contain in 
abundance the remains of our existing life-forms. 
At the base of these formations, and succeeding the 
chalk, is the Eocene group, which exhibits to us the 
dawn of the existing order of things (see Fig. 42). 
The group has less than 10 per cent, of existing 
species of shells, for it is from the number of these 
that the groups are arranged. There are three 
divisions. Lower, Middle, and Upper: — 1. The 
lower has three groups, represented by (a) the sands 
of Thanet; (6) the claya and sands of Woolwich and 
Reading, both divisions formerly named the plastic 
clay; and (e) the London clay. 2. The middle 
series is developed on the S. coast : (ii) the lower or 
Alum bay and Bournemouth beds; (i) the Brackles- 
ham bed, near Chichester, which out of 393 shells 
has 240 peculiar to it. 3. The npper group has four 
divisions : (a) the Barton (Hants) beds) (b) those of 
Headon, (c) those of Osborne, and (J) those of Bun- 
bridge, all three in the Isle of Wight. The fossils 
are too numerous and varied to specify. The great 
nummulitic formation of the mountain chains of 
Europe, Asia, and Africa, belongs to the middle and 
upper Eocene group. 

107. The Hiocene tertiary series has about half 
its t«staceoua remains now existing. It is a vast 
formation out of England, but hero is represented 
only by the Hampstead beds in the Isle of Wight, 
170 ft. thick, but occupying a very small area, and 
by the lignite beds and clays of Bovey Tracey in 
Devonshire. Both belong to the lower Miocene. 
From certain leaf beds in volcanic osb, the trap or 
basaltic formation of Mull and the N.E. of Ireland 
are considered to be of this age. 

108. The Pliocene tertiary strata have but a small 
proportion of the sliells of extinct species. I^Eng- 
land there are two groups, the White or Coralline 
crag of Suflblk, overlying the London clay (the 
Miocene being wanting), and the Ited crag of the 
same county, both being very limited in extent^ 
but abounding in fossils, among which are remains 
of the mastodon, whale, rhinoceros, and also of an 
ancient horae, Hipparion.^ — ^Abovo these Sir Charles 
Lyell places the Nonvicli cmg, a bed of passage 
into overlying glacial beds at Chillesford in Sufl'olk, 
the submerged Cromer forest bed with clays, 
lignite, and numerous quadrupeds; certain drifts OD 
the Norfolk cliffs, glacial beds in the county of 
Wexford; and, younger than these, the Bridlington 
glacial drills near the mouth of tho Hiimbcr. 

109. Post-Pliocene Formations.— Tliis term in- 
cludes all the upper formations not now in progresa; 
they ore chiefly deposits of clay and ^iid containing 
shells, which indicate a culdtrr climate than tliat 
which now prevails. In harmony with this in* 



dication, are striations on the rocks below and on 
the loose local, or travelled stones (boulders), in- 
cluded in the deposits, similar to those which are 
produced at the present time under the action of 
moving ice in glaciers and icebergs. They occur 
everywhere in Scotland and Ireland, and in the N. 
and central parts of England. In either hemisphere 
(N. and S.) they scarcely occur inside the 50th 
parallel in the Old World, and the 40th in the New. 

110. The Recent Formations are all such as are 
now in progress, and contain no remains but the 
existing forms of animal and vegetable life. 

IIL The Igneous Rooks.— The products of fire 
are of two kinds : those formed beneath the crust 
under pressure, such as graniti3 and porphyry, and 
those ejected in successive sheets, in the manner of 
lava perfectly or partially fused, either subaerially I 
or on a sea bottom of moderate depth, and which I 
are termed ancient volcanic or tiap rocks, from the \ 



terraced outline of the hill-sides formed o# theH 
(Swedish irappa, a stair). Such is the great mnm 
of basaltic rocks overlying the chalk in Antrim and 
Londonderry, forming the greater part of MuIL 
Skye, and other lesser islands, and the middle tmi 
upper portions of the great Old Bed ranges whiofc 
bound the Scottish coalfields from sea to sea. Im 
beds of volcanic ash in this series, the writer of 
these pages discovered in 1842 leaf beds of Miocene 
plants ; uie Duke of Argyll made a similar discoveij 
in 1850, quite independently, it beine impossilJe 
that his Grace could have had any knowledge of the 
previous discovery. The Antrim, Mull, and Skye 
traps are thus certainly of Miocene age. In regard 
to the age of those of central Scotland, it is onfy 
certain that they are newer than the coal; erupted 
through Old Bed Sandstone they pass across the 
frontier line, and overlie sandstones of the carbon- 
iferous series. 



Note referred to in Art. 97. — Tlie idea of such a mineral succession in the W. Highlands, as that 
described in the text, was first suggested by Dr. M'Culloch in 1820. Sir II. Murchison began to advocate 
it in 185C, in consequence of the discovery of certain fossils by Mr. Peach; and did not cease till ho 
considered he had obtained such evidence of its tmth as to justify so sweeping a change as to place the 
whole of the crystalline schists of the central Highlands in the position of the lower Silurian rocks. — 
The view is strougly oi)posed by at least one very able physical geologist. 
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10 Phyncal Map of Palestine. 

1 1 Journeys of the Apostle Paul 
II Map she%ring the prevailing 

Religions of the World. 



I O 

13 The Tabernacle in the Wil- 

derness, Plan of. 
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• •• « 



• •• 



6 Trees. 

7 Animals. 

8 Animals. 

9 Human Heads and Faces. 
10 Human Figures. 



11 LandscapOL 

12 Landscapes. 

13 Landscapes. 

14 Marine Subjects. 



each, o 

15 MecluniGil Subjects 

16 Onumeot* 

17 AicJiitecture: 

18 Pfef^ecdfe Dnwing. 



I 



THE PROGRESSIVE INTERLEAVED DRAWING BOOK, by C. N. Woolnothp W.S.A,, 
with Superior Blank Paper for Exercises, in 18 Books, Subjects same as above. In Fcap. ^w >> 
pp., with Ornamental Cover, ... ... ... ... ... ... ... ... ••• each, 

THE ADVANCED DRAWING BOOK: a Series of Lessons for Senior Pupils, in 14 Bo6lu, 



containing 8 leaves each. In Royal 410, with Ornamental Cover, 



1 Initiatory: Objects. 

2 Initiatory: ObjcctSb 

3 Leaves and Flowers. 

4 Flowers an J Fruits. 

5 Trees. 

6 Animals 



7 Animals. 

8 Human Faces, &c. 

9 Human Heads. 

10 Human Figures. 

11 Landscapes: Initiatory. 

12 Landscapes. 



13 Landscapes^ 

14 Landscapes. 

15 Landscapes. 

16 Marine Subjects. 

17 Mechanical Subjects. 

18 Mechanical Subje<.ti. 



... ... each, o 

19 Onamcnt: hitiatury. 

20 Onamenti. 

21 OmameiiC. 

22 Afchietctun. 

23 Aichittcture. 

24 PcnpccDve Dnwing 



COLLINS' POPULAR COPY BOOKS, 

With Engraved and Traced Headlines and Divisional Lines. 

Extensively used in every class of Public ami Private Schools in the United Kingdom and Colonses^ and recommended as 
superior in quaRty, arrangement^ and penmanship^ to any Copy Books in the market at pfictm A sample do^enfret 
per post on receipt of amount in stamps. 



111 THE PRIMARY SERIES, Fcap. size, 6i by 8^, 

222 THE NATIONAL SERIES, Fcap. size, 6^ by 8^, ... 

223 THE ADVANCED SERIES, Fcap. size, 6} by 8^, ... 

228 THE ADVANCED SERIES, Post size, 7J by 9J, 
230 THE ACADEMIC SERIES, Post size, 7J by 9J, 

225 THE PROGRESSIVE SERIES, Fcap. size, 6^ by 8*, 

229 THE PROGRESSIVE SERIES, Post Size, 74 by 9^ ... 

I Initiatory Lessons. ■ 7 Text with Capitals, Short Words. 



• ■• 



per dozea. 



••• 



■•■ 



H 



I 
I 
I 

2 

4 
2 



O 

6 

9 
6 

o 

o 

o 



2 Initiatory Lessons. 

3 Combination of Letters 

4 Combination of Letters. 

5 Combination of Letters. 

6 Text, Shoit Words. 



8 Text with Capital^ Full Line Words. 

9 Text and Half-Text Alternately. 

10 Half-Text with Capitals. 

1 1 Half-Text and Small Alternately. 

1 2 Small Hand, Short Words. 



226 THE INTERNATIONAL SERIES, Fcap. size, 8J by 6^, 

227 THE INTERNATIONAL SERIES, Large Post size, 8^ by loj, 

1 Primary. Coarse Hand. Tirsc Four Principles and Short Letters. 

2 First Four Principles, and Words. 

3 All the Principles. All the Letters, both Small and Capitali. 

4 Words beginning with Cafntals. 

5 Longer Words with Capitals. 

6 Sentences, condensed style. 

7 S. Boole of Forms, — Notes, Bills, Receipts, &c., in Sterling Money. 
7 A. Boole of Forms, — Notes, Bills, Receipts, &c., in American 

Currency. 



1 3 Snull Hand with Capitals. 

14 Text, Half-Text, and SmaU. 

1 5 Commercial Hand. 

16 Ladies^ Hand, Initiatory. 

17 Ladies' Hand, Finishing. 

1 8 Figures and Omamentd LetteiK 

per dozen, 3 

6 



8 Ladio^ Book, fine hand, single words. 

9 Ladies* Book, fine hand, sentences. 

10 Sentences^ very bold hand. 

1 1 Sentences, same hand as No. 5. 

12 Current Capitals, with words. 

1 3 Ladies* Hand, Forms, &c. 

14 Ladies* Hand, Initiatory. 

1 5 Ladies' Hand, Fmishing. 



n 








NEW ATLASES OF BRITISH COLONIES. 

THE IMPERIAL Al'LAS OF INDIA, 16 Maps, Imperial 4to, 2s. stitched, and 28. 6d. clotli. 

THE IMPERIAL ATLAS OF THE DOMINION OF CANADA, 16 Maps, Imperial 410, an ithcbe^ 

and 2s. 6(1. cluth. 
THE IMPERIAL ATLAS OF AUSTRALIA AND NEW ZEALAND, 16 MqM^ Snperial 411^ 

2s. Stitched, and 2 s. 6d. cloth. 

ATLASES OF BLANK PROJECTIONS AND OUTLINES. 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting of 16 Maps, Demy 4*0, "printed «■ i 
on Stout Drawing Paper, biitf W^rap|)er, ... ... ... ••• ... ••• ••■ ••• O 6 

THE CROWN OUTLINE ATLAS, 16 Maps, Demy 410, Stout Drawing Paper, stiffWripper, ... • 
THE IMPi:«IAL ATLAS OF BLANK PROJECTIONS, consisting of 1 6 Mapt, Imperial 410^ 



o 6 



• . a 



■ •. 



on Stout Drawing Paper, stiff Wrapi^cr, 
THE 1MP1:RL\L OUTLINE ATLAS, 16 Maps, Imperial 4to, Stout Drawing Paper, niffCoTer, 



I 
I 






♦?- — -s 



^ifltiAM COLMNS, SONS, & CO.'S SCHOOL STATIONERY. 



, medium, broad 



■*'^OLUNS* PENS FOR EDUCATIONAL WRITING. 

Wrfirtr iarm >f Suaitk, Fh*mij, P«nt. and r«.*j-«f* MmfiJ " fT.irin. CcIRm^ &-i, » O.," i«(J ih mh »/ 

p„ Crai. P" C™i. 

Free-Hand Writer, — three points, soft, extra i. d. 

Oiyiible, ^ o 

Fiaiihing-Hand Writer, for careful neat writing, » o 

Music Pen, (and for Bold Drawing.) extra broad, % o 

JVIexaodra Pen, for fluent-hand, — fine, medium, » o 

Victcvia Pen, — extra fine, fine, medium, ... i 6 

Academic Pen, — fine, medium % O 

Mapping and Drawing Slip Pen, — extra fine, 4 o 

The Queen's Pen, — silver electro-plated, ... s ° 

The Royal Pen, — gilt electro-plated, ... 6 o 

Mapping and Drawing Bam-'l Pen, — extra fine, 8 O 
The Red Ink Pen — will not discolour the Ink 

or corrode, ... ... ... — 8 o 

frequently expressed want, W, C, S(l)|h^ Co., have prepared Sample! of iheir Pens, as under, 
iendy terftd by partiei wishing to select a Pen suited to their style 



National Sc&ool Pet,— fii 

pointi, tv.. 

Public Sctabol Pen, — fine, medium, broad. ... 
Progreuire Scbookf en, — fine, medium, broad, 
Fine Writer,.— twy, clean-writing Small-hand 

daoge Peti, '.'~ 

Medium Writer^ — Round-hand flange Pen, ... 
Small-Hand Writer, for Boys' light style, ... 
CuncDt-Hand Writer, for Boys' bolder style, 

RoUbd-Hand-Wiiter— Small Text, 

Large-Hand Writer— Full Text, 

Angular-Hand Writer, for Girls* Exercilcs, 
Ladies' Pen— extra Small and extra Fine, ... 
To 



to enable their several qualities t 

Sampleuox Collins' Educauonal Pens, different qualities and 1 
Sample Box Collins* Commercial and General Pens^ assorted, i 



zes assorted, price, (per post. 6d.,) 
icluding BaiTel Pens, price, ([ler post i id.,) 



O 8 



i5'f/(/ hj Slallonrrt and Beoijdlm, ty^ecl la uiual Profest'ioiud DUeoimlt, 



COLLINS' DRAWING AND WRITING PENCILS, AND COLOURED CRAYONS. 

fmHij if Maiiuficii.rt, falM, nd Sijlf ef Ih Gttdi, William CaLLiMi, SoN>, & Co.'i FncHi art nu avfaatd, —d in a/frhr M 
umt akir fffutf brti^i idd M muck kiglUr frkn. 



H H H a— tot Dnwini 
H H H— ler Anhiwctui 
H H— Air Fine Outllnn 
H—ArUghl Shading. 



K B— (or Free SfceKhlng. 
E H B— br Brosd Ughc Shading. 
B B B B—fnr Rich Full Sbwiing. 
B B B— for Extra Deep Shading. 



B B—br Deep Shading. 

B— fbr Ordinu; Sbajing. 

F F— lor Eitn Finn Light Shading. 

F— fur Fiim Gtnenl Dn»-ing. 



The Royal Academy Drawing Pencil ; plain Cedar, purified compressed Lead, guaranteed always free 

from grit, to maintain firm point, and be correct to stamped degree : H H H H, H H H, H H, ' 

H, KB, BBB. BB. B. F F, P, e 

Ditto, extra degrees, E H B, B B B, e 

The Victoria Drawing Peucil ; polished Cedar, through block Lead, gold stamp: H H H, H H, H, 

HB, BB, B, F, e 

Ditto, extra degrees, EH B, BBB c 

The Alexandra Drawing Pencil ; polished Cedar, H H, H, H B, B B, B, F, c 

The Princess Drawing Pencil ; polished Cedar, H, II B, B, F, c 

Coloured Crayons, in Cedar, 6 in case, assorted, ... ... ... ... ... ... ... ... C 

Doq do., 12 in case, assorted colour)^ ... .,. ... ... ... ... .-. I 

The Bank of England Writing Pencil; plain Cedar, pure compressed Lead, bzars a firm point, woiks 

smoothly, and rubs out cleanly, ... ... ... ... ... ... ... ... ... C 

The Commercial Pencil; plain Cedar, firm colour and point, ... ... ... ... ... ... C 

The Phonetic or Short-Hand Writer's Pencil < 

The National Pencil, polished Cedar, <■ 

Slate Pencils, in Cedar, id. and i 



COLLINS* MISCELLANEOUS SCHOOL STATIONERY. 

CnyoD Drawing or Sketching Books, ... ... 

Solid Sketch Books and Block*, for pocket and easel, 

SchoolofAiV Drawing Books, (of^best machine papers,) 

Manuscript MUc Books, 4, 6, 13, and 14 staves, 

Music Ponfolioiand Rollers, 

Writing, CypheiTn& and Exercise Books, 

Students* fiicrcise Booki, first, second, and third qualities, 



I*, to 


I OS. 


IS. to los. 


3d- to 


?«■ 


4d.to 


V- 


It. to 


(». 


Id. to 


IS. 


6d.to 


IS. 



WILLIAM eOLLlNS, SONS, & GOMPANy, LONDON, GLASGOW, AND EDINBURGH. 



3 I 



